Fart 1000
1010

1020

1030

1040

1050

1060

1080

1090

1100

TABLE OF CONTENTS

INTRODUCTION

Introduction.....cccccceeviiieiiecciecccie e,
A. Scope and Application of Methods
B. StatistiCS.....coceviivieiicieceececeeee

C. Terminology
D. Dilution/Concentration Operations

Quality Assurance........ccccocvevveiveieanens
AL Introduction]........cococeeiinniicnnn
B. Quality Control.....cccccecvvvvvrvnnnnne.
C. Quality Assessment
Data Quality .

A, IntroduCiioii..cceeeveeieiicicce e,

B. Measurement Uncertainty............

C Method Defection Level...............

D. Data Quali y Objectives.............

E. Checking j .nalyses' Correctness

M ethod Devi LOPMENT AND EVALUATION

A. Introducticn

B. Method Validation

C. Collahorative Testing

Expression of Results

A. Units

B. Significant Figures

C. Other Considerations.........cc.ccocevevruenne.
Collection and Preservation of Samples
A. INtroduction.......cccevveneeneieneiieees
B. Collection of Samples.....ccovvinnene
C. Sample (Storage and Preservation
Reagent Wa ter .....cccccviveiiieiiccviec s,
A. Introduction......cccocveeviiie i,
B. Methods for Preparing Reagent-Grade

C. Reagent Water Quality......cccoeeennns

Laboratory Occupational Health and

. Safe Laboratory Practices................

. Laboratory Facility/Fixed Equipment .

. Personal Protective Equipment
. Worker Protection Medical Program
. Provisions for Work with Particularly
Hazardous Substances..................
H. Biological Safety......cccoovineiinecnnn
I. Radiological Safety.......cccocevvrerrrnnnne.
J. Chemical Hygiene Plan
K. Mercury Use Avoidance in Laboratory
W aste Minimization and Disposal
A, INtroduction......cceeeeeeeesencnc e,

A
B
C
D. Hazard Evaluation.........ccccoeeeeeennnenns
E
F
G

Page

11
11
1-1
14
1-5
1-6
16
1-7
1-15
1-16
1-16
1-17
1-20

1-23
1-25
1-25
1-25
1-27
1-28
1-28
1-35
1-37
1-38
1-38
1-40
1-46
1-47
1-47

1-48
1-49

1-50
1-50
1-51
1-56
1-57
1-58
1-61

1-62
1-62
1-63
1-66
1-67
1-67
1-67

Xvii

Part 2000
2010
2020

2110
2120

2130

2150

2160

2170

2310

2320

2330

B. Waste Minimization.........c.ccoceevennee
C. Waste Treatment and Disposal

PHYSICAL & AGGREGATE PROPERTIES

INtroduction........cccuvveeiciiiiiece e,
Quality Assurance/Quality Control
A, INtroduction......ccccceeeevieeveciccce e,

B. Visual Comparison M ethod..................
C. Spectrophotometric—Single-Wavelength

Method (PROPOSED).......cc.covvveeunne.
D. Specirophotometric—Multi-Wavelength

E. Tristimulus Spectrophotometric
Method ...
F. ADM1 Weighted-Ordinate
Spectrophotometric M ethod...............
TUrDIAITY eeeiiie e
A INtroduction.....coeecincieeee,

B. Flavor Threshold Test (FTT)
C. Flavor Rating Assessment (FRA) . ...
Flavor Profile Analysis.....c.cccccecvuveannnen..
A. Introduction....cccceve e
B. Flavor Profile Analysis.........cccoevvnies
ACTAITY oo
A, Introduction ...,
B. Titration Method.......c.cccevvvveviieiienn,
ATKATINITY i
A Introduction......ccoeeeviieciiiece e,
B. Titration M ethod.......ccooeveiviiviiiinieinn,
Calcium Carbonate Saturation..................
A. Introduction.......cccce e,
B. Indices Indicating a Water's Tendency

to Precipitate or Dissolve CaC03 . . .

C. Indices Predicting the Quantity of
CaCO03That Can Be Precipitated or

DisSOIVed.....ccocovcieeicee e

D. Graphical and Computer Methods for
CaCo3INdiCesS oo

2-1
2-1
2-1
2-1
2-5
2-5
2-5
2-6

2-7

2-8

2-11

2-11
2-12
2-12
2-13
2-15
2-15
2-16
2-20
2-22
2-22
2-22
2-24
2-25
2-25
2-26
2-33
2-33
2-34
2-36
2-36
2-37
2-39
2-39

2-41



Xviii

2340

2350

2510

2520

2530

2540

2550

2560

2570

2580

2710

Hardness. ..o
A, INtroduction.....c.cceeeeeiiiecceccc e,
B. Hardness by Calculation...........c.............
C. EDTA Titrimetric Method..........ccu.....
Oxidant Demand/Requirement................
A, Introduction.....ccceeeeevcieccecece e,
B. Chlorine Demand/Requirement
C. Chlorine Dioxide
Demand/Requirement.........ccccvevvnenn.
D. Ozone Demand/Requirement—
Batch Method ........c.ccoveeviieiiicecen,
E. Ozone Demand/Requirement—
Semi-Batch M ethod.........cccccoveennn.
(61T aTe [UTe3 A VAT Y
A, Introduction......cccoeeceeiieiciiecee e
B. Laboratory Method........ccccevvvevciereenenn,
SATINITY tiriiiiiiiiie e e e e
A, INtroduction.......cceoveeeiiiieccee e
B. Electrical Conductivity M ethod............
C. Density Method......c.ccocevvvevciciecrcn,
D. Algorithm of Practical Salinity
Floatables.....cccoiiiiiiiiiiiiiiiiiin i
A. INtroduction......cooeeeveeic i
B. Particulate Floatables..........cocoovevienncnns
C. Trichlorotrifluoroethane-Soluble
Floatable Oil and G rease.................
o X e E-
A Introduction.....ccoceeeeeiveecce e,
. Total Solids Dried at 103-105°C

B
C. Total Dissolved Solids Dried at 180°C .
D

. Total Suspended Solids Dried

at 103-105°C v
E. Fixed and Volatile Solids Ignited

AL550°C ciiiiiere
F. Settleablc Solids...cccoovvirviiiiiiiis
G. Total, Fixed, and Volatile Solids in

Solid and Scmisolid Samples............
Temperature.....ciieeeiieiii e,
A, INtroduction....coevccevcieneecene e
B. Laboratory and Field Methods...............

Particle Counting and Size Distribution .

A, INtroduction.....oceiceiccneecens
B. Electrical Sensing Zone Method............
C. Light-Blockage Methods..........ccccveueuene.
D. Light-Scattering M ethod...........ccccocveene.e.
ASDESTOS..ccuiieiciiieecie e
A, INtroduction.....oeeece e
B. Transmission Electron Microscopy
Method.....ooooieiiii,
Oxidation-R eduction Potential (GRP)
A, Introduction......cccccceeeeeieeveciccee e
B. Oxidation-Reduction Potential

Measurement in Clean W ater............
Tests On STudgesS.ccioviiieeeiiveeeiiiiiiineneeeeeeeens
A, IntroducCtion........ccceeeeveiiiccie e

2720

2810

Part 3000
3010

3020

3030

3110

3111

3112

TABLE OF CONTENTS

B. Oxygen-Consumpticn Rate .......c.c........ 2-92
C. Settled Sludge Volume.......coccoeieieneneae 2-93
D. Sludge Volume Index ......ccocoeevervenenns 2-94
E. Zone Settling Rate ..o, 2-95
F. Specific Gravity .....ccccoevevviviiviivniniiennns 2-96
G. Capillary Suction Time ..o 2-96
H. Time-to-Filter.....cccoovovviviiiciceeee, 2-98
I. Modified Settled SludgeVolume 2-99
Anaerobic Sludge Digester Gas Analysis. 2-100
A, INtroduction....cecevcenee e 2-100
B. Volumetric Method.........cccccoevvevvcviivnnnnnnn, 2-101
C. Gas Chromatographic Method ................. 2-102
Dissolved Gas Supersaturation............... 2-105
A. Introduction........cceevviieiinenn, 2-105
B. Direct-Sensing Membrane-Diffusion
Method . ... L., 2-105
METALS
Introduction . . . 31
A. General Discussioni 31
B. Sampling and Sample Preservation . . 31
C. General Precautions ........ccccoeevvennnne 3-3
Quality Assurance/Quality Control . . 33
A. Introduction . ... .., 3-3
B. Quality Control Practices ................. 3-4
Preliminary T reatment of Samples . . . 3-7
A. Introduction......c.ccoeeeviiieiiiec e, 3-7
B. Filtration for Dissolved and Suspended
Metals ..o, 3-8
C. Treatment for Acid-Extractable Metals 3-9
D. Digestion for Metals \..........cccoevvvennee. 3-9
E. Nitric Acid Digestion .......ccccceeeeneee 3-10
F. Nitric Acid-Hydrochloric Acid
Digestion............ 1o, 3-11
G. Nitric Acid-Sulfuric Agéid Digestion . .  3-12
H. Nitric Acid-Perchloric Acid Digestion 3-12
I. Nitric Acid-Perchloric Acid-
Hydrofluoric Acid Digestion 3-13
J. Dry Ashing.............. | R 3-13
K. Microwave-Assisted Digestion 3-13
Metals by Atomic Absorption
Spectrometry.......ccouc....... 3-15
Metals by Flame Atomic Absorption
Spectrometry............... Lo, 3-16
A. Introduction.................. I 3-16
B. Direct Air-Acetylene Flame Method 3-20
C. Extraction/Air-Acetylenc Flame
Method....cccooveiies s 3-22
D. Direct Nitrous Oxide-Acetylene Flame
Method.....ccovirvinii 3-23
E. Extraction/Nitrous Oxide-Acetylene
Flame M ethod.......ccocooiiiiiicee 3-24
M etals by Cold-Vapor Atomic
Absorption Spectrometry .......cccceene.. 3-25



TABUE OF CONTENTS

3113

3114

3120

3125

3130

3500-Al

3500-As

3500-Ca

3500-Cr

3500-Cu

3500-Fe

3500-Pb

3500-Li

A, INtroducticn..oecceececeecececcce e
B. Cold-Vapor Atomic Absorption
Spectromclric M ethod..........c..........
M etals by Electrothermal Atomic-
Absorption Spectrometry
AL INtroduction.......ccceeevevenceceecesee
B. Electrothermal Atomic Absorption
Spectrometric M ethod..........c..........
Arsenic anl Selenium by Hydride

Genhration/Atomic Absorption
SPECErOMETLrY i
A Introduction......cccceeeeeeecceececiiecceee,
B. Manual Hydfidc Generation/Atomic
Absorption Spectrometric Method . .
C. Continuous Hydride Generation/Atomic
Absorptioh Spectrometric Method. .
M etals by Plasma Emission
Spectroscopy
A INtroductioi...ccccieeevecicciciececee
B. Inductively Coupled Plasma (TCP)
Method J......ccoeveieiiiiieeceee e,
Metals by Inductively Coupled Plasma-

Mass Spectrometry.......cccccoeeeeiieecneennns
A, Introduction.......ccoevvvveiie i,
B. Inductively Coupled Plasma-Mass

Spectrometry (ICP-MS) Method
Metals by Anodic Stripping

Voltammetry..eiiie e
A, Introduction........ccceevvvviiieiiee e,
B. Determination of Lead. Cadmium, and

ZINC ovvvieieiieiece e
Aluminum } ........................................
A. Introduction......ccccceeeveevceeieccecceenen,
B. Eriochrdmc Cyanine R Method
Arsenic .
A, INtroduction.......ccecevveeieiiec e,
B. Silver Ipiethyldithiocarbamate Method
Calcium L.,
A Introduction.......cceeevviiieiiec v,
B. EDTA) Titrimetric Method..................
Chromium
A. Introduction.......ccoeeevecieciciece e,
B. Colorimetric Method..........ccccceveennnne.
C. lon Chromatographic M ethod............
Copper

Lead
A, Introduction....ccccceeeeieciiiicce e,
B. Dithizonc Method
Lithium . .

3-25

3-25

3-27
3-27

3-30

3-36
3-36

3-36

3-40

3-42
3-42

3-42

3-48
3-48

3-49

3-59
3-59

3-59
3-63
3-63
3-63
3-66
3-66
3-67
3-69
3-69
3-69
3-70
3-70
3-71
3-73
3-76
3-76
3-76
3-78
3-79
3-79
3-80
3-82
3-82
3-83
3-85

3500-Mg

3500-Mn

3500-K

3500-Se

3500-Na

3500-Sr

3500-V

3500-Zn

3500
3500-Sb
3500-Ba
3500-Be
3500-Bi

3500-B
3500-Cd
3500-Cs
3500-Co
3500-Ga
3500-Ge
3500-Au
3500-In
3500-Ir
3500-Hg
3500-Mo
3500-Mi
3500-Os
3500-Pd
3500-Pt
3500-Re
3500-Rh
3500-Ru
3500-Ag

Xix

A, Introduction.......ccveveeeie e 3-85
B. Flame Emission Photometric Method . . 3-85
Magnesium.......ccoceeeiiie s 3-86
A, Introduction.......cceeeveeiieiiie e 3-86
B. Calculation Method ......c..covevvveicveenee, 3-86
Manganese........cccccveviieeiiie e 3-87
A, Introduction.......ccceeeveiciiiii e 3-87
B. Persulfate Method .......c.cccovveiiiiiiiinne, 3-87
Potassium ..cccoovviiiiiii e, 3-89
A, INtroduction......ccoveieeiecic i 3-89
B. Rame Photometric M ethod.................. 3-89
C. Potassium-Selective Electrode Method . 3-90
SeleniUmM. e 391
A, Introduction......cocveeeeice e 391
B. Sample Preparation.......cccccccevveeevecnennnne, 3-93
C. Colorimetric Method........cccceeevvevveennennne. 3-95

D. Determination of Volatile Selenium . . . 3-96
E. Determination of Nonvolatile Organic

Selenium Compounds......ccccecvvevenne. 3-97
SOAIUM it 3-99
A, Introduction......cccccevececicieceee e, 3-99
B. Flame Emission Photometric Method . . 3-99
SErontium oo 3-101
A INtroduction.....coceceeeccceec e 3-101
B. Flame Emission Photometric Method . . 3-101
Vanadium.......ccoceeiieiicccee e 3-103
A, Introduction.......cccoceiiiiiiiii e, 3-103
B. Gallic Acid Method ......cccevveveveicrn, 3-103
AT o U 3-104
A, Introduction.......ccooeiiiiciiie e, 3-104
B. Zincon Method......ccoeevveiciicccece, 3-105
Other Metals....occooeeeeeciiiieee e 3-106
ANTiMONY...ccooeoiiii et 3-106
Barium ..o 3-106
Bery lHium. e 3-107
BismuUth.....coco oo 3-107
Boron.... e 3-107
Cadmium ..o 3-107
CeSiUM i 3-108
Cobaltu i 3-108
Gallium .o 3-108
GermaniUm......coovveeeeee e 3-109
GO B d i 3-109
INdium oo 3-109
Iridium .. 3-109
MEFCUIY oot 3-110
Mo lybdenum........ccoeveiiieeieiic e 3-110
Nickel oo 3-110
OSMiUM i e 3-111
Palladium......cccoooeiiiiiiiiiii e 3-111
Platinum.......ccoooeiiiiiiieece e 3-111
Rhenium ..o 3-111
Rhodium ..o 3-112
Ruthenium........ccooeiiiiiic e, 3-112
SIIVEr e 3-112



XX

3500-Te
3500-TI
3500-Th
3500-Sn
3500-Ti

3500-U

Part 4000

4010
4020

4110

4120

4130

4140

4500-B

4500-Br*

4500-C02

4500-CN"

TellUFiUM oo 3-113
Thal lium. e 3-113
Thorium
Tin e
Titanium
Uranium
INORGANIC NONMETALLIC
CONSTITUENTS
Introduction.....ccccceeeiiiiiiecciec e, 4-1
Quality Assurance/QualityControl. . . 4-1
A, INtroduction ..., 4-1
B. Quality Control Practices  ............... 4-1
D etermination of Anions by lon
Chromatography......eiiineen, 4-7
A. Introduction.......cccceeveiensncncccn, 4-7
B. lon Chromatography with Chemical
Suppression of Eluent Conductivity .  4-7
C. Single-Column lon Chromatography
with Direct Conductivity Detection . . 4-10
D. lon Chromatographic Determination of
Oxyhalides and Bromide .................. 4-11
Segmented Continuous Flow Analysis . . 4-14
A, Introduction.......ccccevveccncc e 4-14
B. Segmented Flow AnalysisMethod ... 4-15
Inorganic Nonmetals by Flow Injection
ANalysSiS..coioiiiiieciic e 4-16
A, Introduction.......ccccoeveiieciiiccee e, 4-16
B. Quality Control.....cc.ccccvvvvvverecieeen, 4-17
Inorganic Anions by Capillary lon
Electrophoresis.......ccccccovvveiiieeiiinennnnen. 4-17
A Introduction.....ccccceeeveveccecs 4-17
B. Capillary lon Electrophoresis with
Indirect UV Detection.....ccccoceevevenenne. 4-17
BOron..ic e, 4-27
AL Introduction......ccccveevvv v 4-27
B. Curcumin Method .......ccccceveviiiiieienen, 4-27
C. Carmine M ethod.......ccooeviiiiiiicieis 4-29
Bromide ..o 4-30
A. Introduction......cccccce v 4-30
B. Phenol Red ColorimetricMethod . ... 4-30
C. (Reserved) oo 4-31
D. Flow Injection AnalysisS......c.cccvovnvnnne 4-31
Carbon DioxXide.....cccoceeeeivieiieciic e, 4-32
A. Introduction.......ccoceiveiiiieiecece e 4-32

B. Nomographic Determination of Free
Carbon Dioxide and the Three Forms

of AlKalinity ..o 4-33
C. Titrimetric Method for Free Carbon

DiOXide. it 4-33
D. Carbon Dioxide and Forms of Alkalinity

by Calculation.......c.ccccoeevnciincincnnne, 4-38
Cyanide......cooviiieeciiieece e 4-39

4500-C1

4500-0”

4500-CI(>2

4500-F”

TABLE OF CONTENTS

. Total Cyanide after Distillation

mMTmg O W

Cyanide-lon Selective Electrode

Method......coonveiinccis
G. Cyanides Amenable to Chlorination
after Distillation........c.cccoceenne
H. Cyanides Amenable to Chlorination

without Distillation (Short-Cut
Method)
. Weak Acid Dissociable Cyanide

|
J. Cyanogen Chloride.......cccceovvenene
K. Spot Test for Sample Screening . .

L. Cyanates eee ¢ ..o, oo
M. Thiocyanate . . .l
N. Total Cyanide aflé* Distillation, by

Flow Injection Analysis............

O. Total Cyanide and (Weak Acid
Dissociable Cyaijiide by Flow
Injection Analysi

Chlorine (Residual) .

. Introduction . . ..

. lodomctric Method

. lodometric Method 11

moow >

DPD Ferrous Titrimetric Method

. Syringaldazine (FACTS) Method

—Ieom

Chloride............
A. Introduction . .
B. Argentometric Meth<

C. Mercuric Nitrate Method..................
D. Potentiometrie Method........cc..........

E. Automated Ferricyanide Method
F. (Reserved)

Analysis ............... [ TR
Chlorine Dioxide . . . . J .ieiiiiienn.
A. Introduction.................. T,
B. lodomctric Method..........cccoveennnee.

C. Amperometric Method | ................

D. (Reserved)
E. Amperometric Method 11

Fluoride. e
A, Introduction......cccceveeccvecnieccncne
B. Preliminary Distillation Step............
C. lon-Selective Electrode Method . . .
D. SPADNS Method.....cceee eevevvveveinnnns
E. Complexone Method........cccceoeree

F. (Reserved)

. Preliminary Treatment of Samples

. Titrimetric Method..........cccevvvn....
. Colorimetric Method.......c............

. Amperometric Titration Method . .
Low-Level Amperometric Titration
Method............ [

. DPD Colorimetric Method............

. lodometric Electrode Technique . .

G. Mercuric Thiocyanate Flow Injection

4-4)
4-44
4-45
4-46

4-48

4-49

4-50
4-52
4-53
4-54
4-55
4-56

4-58

4-60
4-61
4-61
4-63
4-65
4-67

4-69
4-69
472
4-73
4-74
4-75
4-75
4-75
4-76
4-77
4-79
4-80

4-80
4-82
4-82
4-82
4-83
4-84
4-84
4-86
4-86
4-87
4-89
4-90
4-91
4-92



TABLE OF CONTENTS

G. lon-Selective Electrode Flow Injection

ANAIYSIS 4-92
4500-H+ pH Value. ..o 4-95
A, Introduction........ccccooeviiic i, 4-95
B. Electrometric Method ..........cccoiiiinee 4-95
4500-1 Jodine..ocoiiiiieciee e 4-100
A, Introduction.......cccooeieieccn e, 4-100
B. Leuco Crystal Violet M ethod.................. 4-100
C. Amperometric Titration Method............ 4-102
4500-1  1odide . iiiiciriciiiiicieiee e 4-102
A, INtroduction.......ococevevvieneineeee 4-102
B. Leuco Crystal Violet M ethod.................. 4-103
C. Catalytic Reduction Method.................... 4-104
D. Voltammetric M ethod.........ccceeveveinnne 4-105
4500-H03- lodate C e e ————————————— 4-107
A, INtroduction.......ococeveveieneineeee 4-107
B. Polarographie M ethod.......cccocooeiiiiinne 4-107
4500-N Nitrogen . . | e 4-108
A INtroduction......cccevcineiinccen 4-108
B. In-Line UwPersulfate Digestion and
Oxidation with Flow' Injection
ANalysisl....ci 4-109
C. Persulfate Method  .......cccooiiiiiiiccee 4-110
D. Conductimetric Determination of
Inorganic Nitrogen.......ccoceveeiniencenns 4-112
4500-NH3 Nitrogen (Ammonia) .........cccoeeerveivreresrenereenns 4-114
A, Introduction.......ccoeeieeiiieccc e 4-114
B. Preliminary Distillation Step.......cccccoc...... 4-114
C. Titrimctrib M ethod.......cccoceviiiieniee, 4-116
D. Ammonia-Selective Electrode Method . 4-117
E. Ammonia-Selective Electrode Method
Using (Known Addition.......ccceeeenne. 4-118
F. Phenate Method ..o 4-119
G. Automated Phenate M ethod.................... 4-120
H. Flow Injection AnalysSiS.....ccccoorverennene 4-122
4500-N02_ Nitrogen (Nitrite) ......ccccocevvevvvivivrerinresnneens 4-124
A, Introduction......ccccoeeeeeiicieiecc e, 4-124
B. Colorirnetric M ethod........ccccccevviininenene 4-124
4500-NO3  Nitrogen/(Nitrate) ........cccoevvievvrenecrieieennnns 4-126
A, Introduction........cccoeei e 4-126
B. Ultraviolet Spectrophotometric
Screening M ethod......cccocevciiicncnns 4-127
C. Second-Derivative Ultraviolet
Spectrophotometric Method................. 4-128
D. Nitrate Electrode Method ....................... 4-129
E. Cadmium Reduction Method ................. 4-131
F. Automated Cadmium Reduction
Method. ..o 4-133
G. (Reserved) oo 4-134
H. Automated Hydrazine Reduction
Method. ..., 4-135
L Cadmium Reduction Flow Injection
Method. ..., 4-136
4500-Norg Nitrogen (Organic) .......ccccoveneennienneennnne 4-138

A, Introduction.......ccoceiveeee i, 4-138

4500-0

4500-03

4500-P

4500-KMnO4

4500-Si02

4500-S2"

XXi

B. Macro-Kjeldahl M ethod........c.ccceeeeeee. 4-139
C. Semi-Micro-Kjeldahl M ethod.................. 4-140
D. Block Digestion and Flow Injection

ANAlYSIS o 4-142
Oxygen (Dissolved) .....ccccvvvvererieneerierennenns 4-144
A Introduction......ccocoeceiiicce e 4-144
B. lodometric Methods .........ccccocevvenneinen. 4-144
C. Azide Modification.........ccoecvvveveiieiieinnnn, 4-146
D. Permanganate Modification .................... 4-148
E. Alum Flocculation Modification............ 4-149
F. Copper Sulfate-Sulfamic Acid

Flocculation Modification.................... 4-149
G. Membrane-Electrode M ethod.................. 4-149
H. Optical-Probe M ethod......cc.ccoceiiniinnne. 4-153
Ozone (Residual) .....ccccoevevvvnnrinnnsesenies 4-154
A. Introduction......ccccooeiiiiciiiicccee e, 4-154
B. Indigo Colorimetric Method.................... 4-154
PhosSphoruUs......ccuviicee e 4-156
A. Introduction........cceceevevniiccecnennn, 4-156
B. Sample Preparation.......c.cccccoeevvveieicnnenn, 4-160
C. Vanadomolybdophosphoric Acid

Colorimetric Method........c.cccceveveinenens 4-161
D. Stannous Chloride Method............cccc....... 4-163
E. Ascorbic Acid Method.........ccocoeeerennnne 4-164
F. Automated Ascorbic Acid Reduction

Method. ..., 4-165
G. Flow Injection Analysis for

Orthophosphate  ......cccccevevvvevcieicecen, 4-166

H. Manual Digestion and Flow' Injection
Analysis for Total Phosphorus

I. In-line UV/Persulfate Digestion and
Flow Injection Analysis for Total
PhOSpPhOruS......ccoovvvivrv e 4-169

J. Persulfate Method for Simultaneous
Determination of Total Nitrogen and

Total Phosphorus ..o 4-170
PotassiumPermanganate............cc.ccccueeeunee.. 4-173
AL INtroduction.....ecccieece 4-173
B. Spectrophotometric M ethod.................... 4-173
SIHIC A it 4-174
AL INtroduction......ccecvvevvee v 4-174
B. (ReServed)....ccocoiiiiininene e 4-175
C. Molybdosilicate M ethod.......ccccceeveirennne 4-175
D. Heteropoly Blue Method...........cccoeuenenee. 4-177
E. Automated Method for Molybdate-

Reactive Silica ..o, 4-179
F. Flow' Injection Analysis for Molybdate-

Reactive Silicate .......cccococevvieniiennennnn, 4-179
SULTFIdE i, 4-181
A, INtroduction......ccveinceceee 4-181
B. Separation of Soluble and Insoluble

SUFIES.ciic e, 4-183
C. Sample Pretreatment to Remove

Interfering Substances or to

Concentrate the Sulfide.....ccccoevvennnnn. 4-183



XXii
4500-S032*
45(X)-S042"
Part 5000
5010
5020
5210
5220

5310

5320

D. MethyleneBlue Method........ccceeeverennne. 4-184
E. Gas Dialysis, Automated Methylene

Blue Method......cccooeiiniiiiiiis 4-185
F. lodometric Method........coovvviieniiinincnnn, 4-187
G. lon-Selective Electrode Method............ 4-187
H. Calculation of Un-ionized Hydrogen

SUfide v 4-189
I. Distillation, Methylene Blue Flow

Injection Analysis Method ................ 4-192
J. Acid-Volatile Sulfide.......ccoooviviniiiinnnne 4-193
SUTTFITE it 4-194
A, INtroduction.....cceeveevcvse i 4-194
B. lodometric Method........cccooeiiiiinn, 4-194
C. Phenanthroline Method..........ccccocecvriinne, 4-195
SYUR B = - PP 4-197
A, INtroduction.......ceeencenccieee e 4-197
B. (ReServed) oo 4-197
C. Gravimetric Method with Ignition of

RESIAUE .cviiiiceieecc e 4-197
D. Gravimetric Method with Drying of

RESTAUE ..o 4-199
E. Turbidimetric M ethod........ccccocecvriinnnne 4-199
F. Automated Methylthymol Blue

Method. ..., 4-200
G. Methylthymol Blue Flow Injection

ANAlYSIS i 4-201

AGGREGATE ORGANIC CONSTITUENTS

INtroduUcCtion...ccieieei et 51
A. General DisCUSSION......ccccceevecveennnnee. 51
B. Sample Collection and Preservation. . . 51
Quality Assurance/Quality Control .. . 51
A Introduction......ccccceveveviccie e, 51
B. Quality Control Practices .........cccccvnene. 5-2
Biochemical Oxygen Demand (BOD) . .. 5-5
A. Introduction......ccccceeveivececinnce s 5-5
B. 5-Day BOD T €St.ccoiiririrerereeienns 5-6
C. Ultimate BOD TeSt...cccoevevvevreinrnn, 5-11
D. Respirometric M ethod.........c.c....... 5-14
Chemical Oxygen Demand (COD)..... 5-17
A. Introduction......cccceevevvvcvveccieinnen, 5-17
B. Open Reflux Method.........cccooueneee. 5-18
C. Closed Reflux, Titrimetric Method 5-20
D. Closed Reflux, Colorimetric Method . . 5-21
Total Organic Carbon (TOC)............ 5-23
A. Introduction......ccccevveeiceeniececn, 5-23
B. High-Temperature Combustion Method . 5-26
C. Persulfate-Ultraviolet or Heated-
Persulfate Oxidation M ethod...... 5-29
D. (Reserved) ..o 5-31
Dissolved Organic Halogen.............. 531
A. Introduction......cccceeeeeveieeiecice, 5-31
B. Adsorption-Pyrolysis-Titrimetric
Method....ccooevericeciee e, 5-32

5510

5520

5530

5540

5550

5560

5710

5910

Part 6000
6010

6020

TABLE OF CONTENTS

Aquatic Humic Substances.......cccceeveunnnnn. 5-38
A, INtroduction......cccoeeeeeciiiciccc e 5-38
B. Diethylaminoethyl (DEAL) Method . . . 5-38
C. XAD Method.......cocveeviiiriceeiie e 5-40
Oil and Grease . 541
A, INtroduction.....ccccoeeveiiececicceee e, 541
B. Liquid-Liquid, Partition-Gravimetric

Method......coeeveeiiiiec e 5-42
C. Partition-Infrared Method .................... 5-44
D. Soxhlet Extraction Method .................. 5-45
E. Extraction Method for Sludge Samples . 5-46
F. Hydrocarbons......cccoovenniininccicennn, 5-46
G. Solid-Phase, Partition-Gravimetric

Method ...ooeeieceece 5-47
PHenNO IS e 5-49
A, Introduction.....cccceeveiieieciceceee e 5-49
B. Cleanup Procedure.....ccevvvcencinnennns 5-49
C. Chloroform Extraction Method ............ 5-50
D. Direct Photometric® Method .................. 5-52
Surfactants . . . . | 5-53
A, INtroduction......ccoceveeeeiiieccec e 5-53
B. Surfactant Separation by Sublation 5-53
C. Anionic Surfactants as MBAS.............. 5-55
D. Nonionic Surfactan s as CTAS ............ 5-58
Tannin and Lignin . .\, 5-61
A. Introduction . ... Lo 5-61
B. Colorimetric Method..........ccccevvvieiinnns 5-61
Organic and Volatile Acids......cccceeuennen. 5-62
A. Introduction ., 5-62
B. Chromatographic Separation Method for

Organic Acids . 1o, 5-62
C. Distillation Method .........cccoeevvvevieireennenn, 5-64
D. Gas Chromatographic Method............... 5-65
Formation of T rihalomethanes and Other

Disinfection Byproducts......ccceeeeneenenn. 5-67

A, Introduction ..o veveeiiic e, 5-67
B. Trihalomethane Formation Potential

(THMFP)...covvuee. | T 5-70
C. Simulated Distribution System

Trihalomethanes (SDS-THM)............ 5-74
D. Formation of Other Disinfection

Byproducts (DBFS) 1 ....cccceeveennnanae 575
UV-Absorbing O rganic Constituents . . . 5-77
A, Introduction......ccceeeeeeieiieciccce e 5-77
B. Ultraviolet Absorption Method ............ 5-78
INDIVIDUAL ORGANIC COMPOUNDS
Introduction.........ccecuvueeeinnns 6-1
A. General DiSCUSSION.......ccceevvevveereereereenne, 6-1
B. Sample Collection and Preservation . . . 6-3
C. Analytical Methods........ccccovevvivveirnnnnn 6-4
Quality Assurance/Quality Control . .. 6-6
A, INtroduction......cccoeeeieeieiieciece e 6-6
B. Quality Control Practices ........ccceoene. 6-7



TABLE OF CONTENTS

6040

6200

6211

6231

6232

6251

6252

6410

6420

Constituent Concentration by Gas

EXTraction ...cccciienieiiene e 6-11
A. Introduction.....cccveeveniiiiins e 6-11
B. Closed-Loop Stripping, Gas

Chromalographic/Mass Spectrometric
ANAlYSIS o 6-11
C. Purge and Trap Technique............... 6-22

D. Solid-Phase Microextraction(SPME) .. 6-22
E. Solid-Phase Microextraction (SPME)
with Cl GC/MS/MS......coooiieiieee 6-25
Volatile Organic Compounds
A, Introduction.......cceeeeiicininiiee, 6-30
B. Purge and Trap Capillary-Column Gas
Chromatographic/Mass Spectrometric

Method.....cccovineiii 6-33
C. Purge and Trap Capillary-Column Gas
Chromatographic M ethod................ 6-38
Methane........cccoveeiiiiiciiiiiiee e, 6-43
A, INtroduction ..., 6-43
B. Combustible-Gas Indicator Method . . . 6-43
C. Volumetrici Method........ccccocvvrirvriiinnnn 6-45
I,2-Dibromolthane (EDB) and 1,2-
Dibromo-3-Chloropropane (DBCP) . .. 6-45
A, INtroduction.....coceeee e, 6-45
B. Liquid-Liquid Extraction Gas
Chromatographic M ethod................. 6-45
C. Purge and Trap Gas Chromatographic/
Mass Spectrometric Method............... 6-48
D. Purge and Trap Gas Chromatographic
MEthO<jl......coviiici 6-48
T rihalomethanes and Chlorinated
Organic Solvents.....ccooeeiveeieeenn, 6-48
A, Introduction......ccceeieiiiiiiee, 6-48
B. Liquid-Liquid Extraction Gas
Chromatographic M ethod.................. 6-49
C. Purge-and-Trap Gas Chromatographic/
Mass Spectrometric Method............... 6-54
D. Purge-and-Trap Gas Chromatographic
Method ..., 6-54
Disinfection By producis: Haloacetic
Acids and Trichlorophenol.........cc...... 6-55
A. Introduction........ccoeeiiiieiiiecee, 6-55
B. Micro Liquid-Liquid Extraction Gas
Chromatographic M ethod.................. 6-55
Disinfection Byproducts: Aldehydes
(PROPOSED).ccciiiiiriieereecee e, 6-65
A, Introduction........cccceveeiiceecececce e, 6-65
B. PFBHA Liquid-Liquid Extraction Gas
Chromatographic M ethod.................. 6-66
Extractable Base/Neutrals and Acids . . 6-73
A INroduction ..o 6-73

B. Liquid-Liquid Extraction Gas
Chromatographic/Mass Spectrometric

6431

6440

6450

6610

6630

6640

6651

6710

AL Introduction.....ccocoeeeieicce 6-87
B. Liquid-Liquid Extraction Gas
Chromatographic M ethod.................. 6-87

C. Liquid-Liquid Extraction Gas
Chromatographic/Mass Spectrometric

Method......ccooeeeiiiiece e 6-93
Polychlorinated Biphenyls (PCBs) .... 6-93
A, INtroduction......cccceeeii e 6-93
B. Liquid-Liquid Extraction Gas

Chromatographic M ethod.................. 6-93

C. Liquid-Liquid Extraction Gas
Chromatographic/Mass Spectrometric

Method......ccoeeveeiie e 6-93
Polynuclear Aromatic Hydrocarbons . . 6-93
A, Introduction.....ccccceeevevcceesc 6-93
B. Liquid-Liquid Extraction

Chromatographic M ethod.................. 6-94

C Liquid-Liquid Extraction Gas
Chromatographic/Mass Spectrometric

Method. ... 6-99
NItrosamtnTs.. ..o 6-99
A. INtroduction......cccccee e 6-99
B. Carbonaceous-Resin Solid-Phase

Extraction GC/MS M ethod.................. 6-100
C. Micro Liquid-Liquid Extraction GC/MS

Method.....cocoveiiiee 6-109
Carbamate Pesticides........ccccciiiiiiiiiiiniiinnnnnns 6-112
A, INtroduction.....oeccicece 6-112
B. High-Performance Liquid

Cliromatographic M ethod.................... 6-113
Organochlorine Pesticides.......ccoeviiiiieeinenn, 6-121
A Introduction......ccoccevii i 6-121
B. Liquid-Liquid Extraction Gas

Chromatographic Method I .................. 6-121

Appendix—Standardization of

Magnesia-Silica Gel Column by

Weight Adjustment Based on

Adsorption of Laurie Acid ......ccc........ 6-127
C. Liquid-Liquid Extraction Gas

Chromatographic Method 11.................. 6-128
D. Liquid-Liquid Extraction Gas

Chromatographic/Mass Spectrometric

Method.....ccooiinic 6-135
Acidic Herbicide Compounds........c.cccceeeuenns 6-135
A, INtroduction......ccoeevcencennieeee e 6-135
B. Micro Liquid-Liquid Extraction Gas

Chromatographic M ethod..................... 6-136
Glyphosate Herbicide.....occcoevueevieeeeiveesinnen. 6-146
A INtroduction......ccocveiicieiiecee e 6-146
B. Liquid Chromatographic Post-Column

Fluorescence Method — .......ccccoovverieienen 6-146
Tributyl Tin s 6-149
A, INtroduction ... 6-149

B. Gas Chromatographic/Mass
Spectrometric Method........ccccevenveenne 6-149



XXiv

6810

Part 7000
7010

7020

7030

7040

7110

7120

7500-Cs

7500-1

7500-Ra

C. Gas Chromatographic/Flamc

Photometric Detector M ethod............ 6-154
Pharmaceuticals and Personal Carl
Products.....cccoce i 6-155
A Introduction ..., 6-155
B. Polymeric-Resin Solid-Phase Extraction
LC-MS/MS Method......coceevrvvrunnnne 6-156
RADIOACTIVITY
INEroducCtion.......ccccvveei et 7-1
A. General DiSCUSSION.....ccoiiviiiiiieie e 7-1
B. Sample Collection and Preservation . . . 7-2
Quality System ....ccccecveiiiiiiiiec e 7-3
A. Quality Systems/Quality
Assurance/Quality Control Program 7-3
B. Quality Control for Wastewater
SAMPIES. i 7-8
C. StatiStiCS e 7-9
D. Calculation and Expression of Results 7-12
Counting Instruments..........ccccccevvvviieninnnne 7-13
AL Introduction.....cocooeieieveiee e 7-13
B. Description and Operation of
INSTrUMENtS. ..o, 7-13
Facilities......ccoooveiiiiieeciic e, 7-19
A. Counting ROOM ...cocvvvvvvererere e 7-19
B. Radiochemistry Laboratory ................. 7-19
C. Laboratory Safety .....cccccoevvvievceieenn, 7-20
D. Pollution Prevention......c.cccocevevenennne. 7-20
E. Waste Management..........ccoceevvvieiniinnnnnns 7-21
Gross Alpha and Gross Beta
Radioactivity (Total, Suspended, and
Dissolved) ...cccoeveveiieiienie s 7-21
A INtroduction...cceecveevee e 7-21
B. Evaporation Method for Gross Alpha-
Beta .o 7-21
C. Coprecipitation Method for Gross Alpha
Radioactivity in Drinking Water 7-25
Gamma-Emitting Radionuclides ............... 7-26
A, INtroduction.....cceevcervccc e 7-26
B. Gamma Spectroscopic Method ............ 7-26
Radioactive Cesium........ccoccovvveiiiiecininenn, 7-30
A, INtroduction ... 7-30
B. Precipitation Method..........c.cccooeinenne. 7-30
Radioactive lodine .............. 7-31
A, Introduction ... 7-31
B. Precipitation Method.........ccocoevvineenne 7-32
C lon-Exchange M ethod.......c..ccccevvneneene. 7-33
D. Distillation Method.......c.cccocevvievvrinnnnn, 7-34
Radium ..o 7-35
A INtroduction....ocevccecceece e 7-35
B. Precipitation Method........c.cccceovinnnne 7-35
C. Emanation Method.......coceceviineinienens 7-38
D. Sequential Precipitation Method............ 7-44
E. Gamma Spectroscopy Method............... 7-46

7500-Rn

7500-Sr

7500-3H

7500-U

Part 8000
8010

8020

8030

8050

8070

8071

8080

TABLE OF CONTENTS

Radon it e, 7-51
A, introduction......cccceceieicievecc e, 7-51
B. Liquid ScintillationM ethod.................... 751
Total Radioactive Stroniilm and
Strontium-90.....cccceiiiiie e 7-54
A, Introduction......ccooovciiiiiie e 7-54
B. Precipitation Method........ccccceveivevinene, 7-54
TriTIUM e erree e 7-58
A, Introduction......cocoee i 7-58
B. Liquid Scintillation Spectrometric
Method ..., 7-58
(U= 110121 R 7-59
A, INtroduction......coccevecviiiiie e 7-59
B. Radiochemical Method..........c..cccuvueee. 7-60
C. Isotopic Method ..o, 7-61
TOXICITY
INtroduction........ccceeeieivie e 81
A. General DiSCUSSION......cccceeveveirieieinne, 81
B. Terminology ..cccccoovevveverereceeieen, 82
C. Basic Requirements for Toxicity Tests . 83
D. Conducting Toxicity TestS......cccceverernene 8-4
E. Preparing Organisms for Toxicity
TestS 8-7
F. Toxicity Test Systems, Materials, and
Procedures .....cccocvvveveiiieeveiee e 8-15
G. Calculating, Analyzing, and Reporting
Results of Toxicity T estS...ccccveuenenn. 821
H. Interpreting and Applying Results of
TOXICItY T €StS v vereeeeeanns 8-24
I. Selected Toxicological Literature 8-26
Quality Assurance and Quality Control
in Laboratory Toxicrrir Tests......... 8-26
A. General DiSCUSSION.....cccccvcvveveeieenrecnienne, 8-26
B. Elements of QA/QC ..cocvevievvececierne, 8-27
Mutagenesis........cceevevviee i cccee e 8-30
A. Introduction.....cccceevvevviecevcieieien, 8-30
B. Salmonella Microsomal Mutagenicity
T St 8-32
Bacterial Bioluminescence.................. 8-38
A. Introduction...........c......... 8-38
B. Bacterial Bioluminescenee Test , .. . 8-38
P450 Reporter Gene Response to Dioxin-
Like Organic Compounds.................. 8-42
A. Introduction..........ccoe.... 8-42
B. The P450 RGS T €St vicivciireririciiiennns 8-42
Comet/Single-Cell Gel Electrophoresis
Assay for Detection of DNA Damage . 8-44
A. Introduction.......ccccevveceiicce e, 8-44
B. Comet/Single-Cell Gel Electrophoresis
A SSAY it 8-44
Sediment Porewater Testing.............. 8-48
A. Introduction.......ccceceeveiiiiciiiicen, 8-48
B. Sediment Collection and .Storage. . . . 8-49



TABLEof contents

8110
Bill

8112

8113

8200
8211

8220

8310

8420

8510

C. Extraction of Sediment PoreWater . . .

Biostimulation (Algal Productivity) . . .

. General Principles
. Planning and Evaluating AlgalAssays
cAPPATALUS. .
. Sample Handling......ccocooveevivniviiininnns
Synthetic Algal Culture Medium
INOCUTUM i,
. Test Conditions and Procedures............
. Effect of AdditionsS.......ccccvevvvievviennnne.
I. Data Analysis and Interpretation
Phytoplankton...........cccceeeeiiieiieec e
A, INtroduction....coeeveeveieiecce e
B. InoCUlUmM oo,
C. Test Conditions and Procedures............

IO MmMoOOw>P

Marinl Macroalgae
A, Introduction......ccccoeevvvniinenece
B. Selecting and Preparing Macrocystis

pyrifera Sporophylls........cccccoevvnenne.
C. Toxicity Test Procedures........ccceeeuenee.
D. Data Evaluation........cccccoeevivviieniiennnnn,
Aquatic Flowering Plants........ccc.ccoeunee..
Duckweed
AL INtroduction.......ccevinncccee
B. Selecting and Preparing

Test Organisms
C. Toxicity Test Procedure......ccccceeveuennee
Aquatic Emergent Plants
A, INtroduction....cooeveevcieceeee e
B. Selecting and Preparing

Test Organisms
C. Toxicity Test Procedure.......cccoveeeuenne.
Ciliated Protozoa........cccccocvveiieeiic e,
A, Introduction......cccccevvininceeen
B. Growth inhibition Test with Freshwater

Ciliate Dexiostoma (syn. Colpidium)

CampPylum oo
C. Chemotactic Test with Freshwater

Ciliate Tetrahymena thermophila . . .

D. Growth Inhibition Test with the Soil

Ciliate Colpoda inflata
Rotifers
A, INtroduction.....cccoee e,
B. Selecting and Preparing

Test Organisms
C. Toxicity Test Procedures..........ccccoevevnne.
ANNelids...cccoiiiiiiii e
A, INtroduction.....ccccoeveieveieieeec e
B. Selecting and Preparing

Test Organisms
C. Toxicity Test Procedures......c.cccceevevenene.

8610

8710
8711

8712

8714

8740

8750

8810

XXV

D. Sediment Test Procedures Using the
Marine Polychaetc Neanthes
arenaceodentata.........ccoceeveineinnnnn, 8-94
E. Sediment Test Procedures Using the
Marine Polychaete Polydora cornuta . 8-97
F. Sediment Test Procedures Using the
Freshwater and Marine Oligochaetes
Pristina leidyi, Tubifex tubifex, and

Lumbriculus variegatus......c.cccocevunen. 8-98
G. Data Evaluation..........ccoccoveiinciinennnn, 8-99
MO TUSKS....coiiiiiieiiciesc e 8-99
AL INtroduction......ccocevecvce i 8-99
B. Selecting and Preparing

Test Organisms — ...cccccevveveeceeienincnsnneens 8-100
C. Short-Term Test Procedures Using

Marine Mollusk Larvae.......cccoceoveuene. 8-101

D. Sediment Bioaccumulation Test
Procedures Using Marine Bivalves . . 8-104
E. Field Test Procedures Using Freshwater

and Marine Bivalves.........ccccoovvvninnnn 8-106
ArThropods  ....cccccveiiieieeiiieeiee e 8-110
Daphnia...cccccocceeiiiiiecr e 8-110
A. Introduction........ccccceenee 8-110
B. Selecting and Preparing

Test Organisms  .....ccooeeeverenereneinnennas 8-112
C. Toxicity Test Procedures........c.coceveveunnne. 8-114
Ceriodaphnia.......ccceeveeeeieiiescee e 8-116
A Introduction. ... 8-116
B. Selecting and Preparing

Test Organisms —.....cccvceveverenerenennienens 8-117
C. Toxicity Test Procedures.......cccccoceveveenenne. 8-119
My STAS .o 8-121
A INtroduction ..o 8-121
B. Selecting and Preparing

Test Organisms —.....cccceveveeeeiniencsenee 8-122
C. Toxicity Test Procedures.....c.cccceeevvevernnne. 8-127
Decapods.....coccoiieeeeiiicciic e 8-131
A INtroduction......cociieiiiceeee s 8-131
B. Selecting and Preparing

Test Organisms .....ccccoeeeeeieeieniencneeene 8-132
C. Toxicity Test Procedures.......ccceevevververnane. 8-139
D. Data Evaluation........cccocceenvvniincnneninnnn, 8-143
Aquatic INSEeCtS...cccccocvveviii e 8-143
A INroducCtion.....oeceeiveiicec e 8-143
B. Selecting and Preparing

Test Organisms  .....cccveveveienereneienenens 8-144
C. Toxicity Test Procedures.......ccccoceveeveunne. 8-146
D. Data Evaluation........cccococevvieniinininnnnn, 8-150
Echinoderm Fertilization and

Development .........ccccceeviiieviiiie e, 8-150
A, INtroduction ..., 8-150
B. Selecting and Preparing

Test Organisms .....cccceveveveeneniencneniee 8-151

C. Echinoderm Fertilization T est.....c.c.o...... 8-153



XXVi

8910

8921

8930

Part 9000
9010
9020

9030

9040
9050

9060

9211

9212

9213

9215

D. Echinoderm Embryo Development

T S i 8-157
FisSH o 8-160
A INtroduction.......ocvcveeceeccecceeee e, 8-160
B. Fish Selection and Culture Procedures . 8-160
C. Toxicity Test Procedures.......ccoeevvvrvennnn. 8-164
Fathead MinNOW  .oococeeeviiiiiiiieeeiiieeee e 8-171
A, INtroduction.......cccecevveececiiecceeee e, 8-171
B. Culture and Maintenance of

Test Organisms  ...occooceveeeeeeeienieneeeeee 8-172
C. Toxicity Test Procedures.......c.ccocvvevrvnnennn. 8-173
Amphibians (PROPOSED).......cccccvrvernnnnnns 8-180
A. Introduction......ccccceeeviiiiiccie e, 8-180
B. Culture and Maintenance of

Test Organisms .....ccoceveererevenieieeeenn 8-181
C. Toxicity Test Procedures........cccvvevevrnnne 8-184

MICROBIOLOGICAL EXAMINATION

INtroduction  .....cccceeveiiieecec e 9-1
Quality Assurance/Quality Control ... 92
A, INtroduction ..o v 9-2
B. Intralaboratory Quality Control

Guidelings ....cocvieiieee 9-4
C. Interlaboratory Quality Control............ 9-27
Laboratory Apparatus........ccccceeeeveieennnenn 9-29
A, INtroduction ... 9-29
B. Equipment Specifications .................... 9-29
Washing and Sterilization....................... 9-33
Preparation of Culture Media................. 9-34
A. General Procedures.......coceeevvevvenreenenne. 9-34
B. Water. ..o 9-35
C. Media Specifications........cc.cocoeevrenenee 9-35
SAMPIES...iiiiiii e 9-36
A Collection. ..o 9-36
B. Preservation and Storage.........c.cccoeene. 9-39
Rapid Detection Methods  .........ccccceeennens 9-40
A Introduction......ccccevincnccee e 9-40
B. Seven-Hour Fecal Coliform Test .... 9-40
C. Special TechniquUeS.....cccceevververeerverennnnn. 9-40
Stressed Microorganisms.............ccceeeunee. 9-42
A, INtroduction.....cocoeveceveineeere e 9-42
B. Recovery Enhancement ...........ccc.o..... 9-44
Recreational Waters............ e 9-45
A, INtroduction ... 9-45
B. SWimming PO OIS ..o 9-46
C. WhIrlpools  ..ccoveieeeeece e 9-49
D. Natural Bathing Beaches........c.cccccec.... 9-49
E. Membrane Filter Technique for

Pseudomonas aeruginosa................. 9-51
F. Multiple-Tube Technique for

Pseudomonas aeruginosa................. 9-52
Heterotrophic Plate Count...........cc.coc...... 9-53
A, INroduction....eeevec s 9-53
B. Pour Plate M ethod........cccoevviiiiienennen. 9-56

TABLE OF CONTENTS

C. Spread Plate Method......c..ccccvvninennennn.
D. Membrane Filter Method ..........cccee..
E. Enzyme Substrate M ethod....................
9216 Direct Total Microbial Count ................
A, Introduction.....ccccceeevevcccesc
B. Epilluorescence Microscopic Method
Using Acridine Orange.....cccceeeeene.
9217 Assimilable Organic Carbon.....................
A, Introduction......cccceveiiciccccee e,
B. Pseudomonas fluorescens Strain P-17,
Spirillum Strain NOX Method
9218 Aerobic Endospores.........cccoeeeiiiiieenieenne.
A. Introduction.....ccccceeviececcecccee e,
B. Membrane Filter Method ...................
9221 Multiple-Tibe Fermentation Technique

for Members of the Couform Group . .

A, INtroduction.....ocecenccieeeees
B. Standard Total Coliform Fermentation

Technique oo
Estimation of Bacterial D ensity............
. Presence-Absence (P-A) Coliform

oo

m

Thermotolerant (Fecal) Coliform
Procedure...ccoeieevecececeece e
Escherichia coli Procedure Using
Fluorogenic Substrate.......c.ccccceveenee.
G. Other Escherichia coli Procedures
9222 Membrane Filter Technique for Members
of the Coliform Group......cccccevveieeiinnns
A, Introduction.....ccccccceeeievciccesc
B. Standard Total Coliform Membrane

o

Filler Procedure using Endo Media . .

C. Delayed-Incubation Total Coliform
Procedure.....oooienieneiiie e
D. Thermotolerant (Fecal) Coliform
Membrane Filter Procedure...............
E. Delayed-Incubation Thermotolerant
(Fecal) Coliform Procedure...............
F. Klebsiella Membrane Filter Procedure
G. Partitioning Thermotolerant Colifonns
from MF Total Coliform Using EC

H. Partitioning E. coli from MF Total
Coliform using EC-MUG Broth
I. Partitioning E. coli from MF Total

Coliforms using NA-MUG Agar . . .

J. Simultaneous Detection of Total
Coliform and E. coli by Dual-
Chromogen Membrane Filter
ProCedure....ccocovnieieienceieeeeesieseanens

K. Simultaneous Detection of Total
Coliforms and E. coli by Fluorogen/
Chromogen Membrane Filter
Procedure.....ccccvieieveeiesice e

9223 Enzyme Substrate Coliform Tes t ............



TABLE OF COMTENTS

9224

9225

9230

9240

9245

9250

9260

9510

A. INtroduction.....cccceeeeeevcieneeee e 9-98
B. Enzyme Substrate Test.....ccccvvvnvrinnnnn 9-99
Detection of Coliphages........cccceeuvveunenn. 9-102
A, INtroduction ..., 9-102
B. Somatic Coliphage A SSay .....ccccooevvennnnen. 9-103
C. Male-Specific Coliphage Assay Using
Escherichia coli Famp.....cccoovvveriennne. 9-105

D. Male-Specific Coliphage Assay Using
Salmonella typhirnuriimi WG49 . . . . 9-106

E. Single-Agar-Layer Method..........c..ccco....e. 9-108
F. Membrane Filter Method ..........cccveunee 9-109
Differentiation of Coliform Bacteria . . . 9-110
A, INtroduction......ccccevvee e 9-110
B. Culture Purification..........ccceoviiiiiveieenens 9-111
C. ldentification.......ccccvvviviiiiiiiciciee, 9-112
D. Media, Reagents, and Procedures 9-114
E. Reporting Results........cccccvvviinieniienen, 9-117
Fecal Enterococcus/Streptococcus
G OUPS. it 9-117

A. INtroduction......cccceiiiiiiiccece e, 9-117
B. Multiple-Tube Technique ......cccccoevirenene 9-118
C. Membrane Filter Techniques .................. 9-119
D. Fluorogenic Substrate Enterococcus

T RSt 9-122
Iron and Sulfur Bacteria ...........coccvvveeen. 9-123
A, Introduction......cccccevevcicieie e 9-123
B. Iron Bacteria......ccocooevveviiieeiieiieececee, 9-124
C. Sulfur Bacteria.......coocevvveverievncecieceene, 9-129
D. Enumerating, Enriching, and Isolating

Iron and Sulfur Bacteria..........cccceueee. 9-131
E. Bacteria Living in

Acidic Environments  .......cccccoceeeiennne. 9-137
Nitrifying Bacteria.......ccccoooevevviiiicen e, 9-142
A, Introduction......cccoce i, 9-142
B. Multiple-Tube M ethod.......c.cccovvvivrnnnne. 9-144
Detection of Actinomycetes .........ccceeu. 9-145
A. Introduction.........ccooceiieiiiicie e 9-145
B. Actinomycetc Plate Count......cccccoevvennene 9-147
Detection of Pathogenic Bacteria............ 9-149
A, Introduction.....ccccveeiviceccnccec e, 9-149
B. Salmonella ......cccoovvveieeer e, 9-152
C. (Reserved) .o 9-157
D. (Reserved) ..o 9-157
E. Shigella ..o, 9-157
F. Diarrheagenic Escherichia c o li............ 9-160
G. Campylobacter.......cccocveiiienciiiis 9-165
H. VIDrio ., 9-167
L Leptospira. ... 9-174
J. Legionella.. . 9-177
K. Yersinia enterocolitica.........cccceevvevrvrnnnn. 9-181
L. ABIrOMONAS ..o ere et 9-185
M. Mycobacterium......c.ccooevvvvvcnciercieeeens 9-187
Detection of Enteric Viruses ........c.c........ 9-191
A, INtroduction.......ccccceveiiiiiiic e, 9-191

9610

9711

Part 10000
10010
10200

10300

Xxvii

B. Virus Concentration from Small Sample
Volumes by Adsorption to and
Elution from Microporous Filters . . . 9-194
C. Virus Concentration from Large Sample
Volumes by Adsorption to and

Elution from Microporous Filters . . . 9-196
D. Virus Concentration by Aluminum
Hydroxide Adsorption-Precipitation . 9-201

E. Hydroextraction-Dialysis with
Polyethylene Glycol......cccocoveinennnnn. 9-202
F. Recover}-' of Viruses from Suspended

Solids in Water and Wastewater 9-203
G. Assay and Identification of Viruses in

Sample Concentrates........ccoceveveereennnne 9-205
Detection of FUNQi..cocccooviiiiiiiiicccece, 9-208
A, INtroduction.....cocecciccc 9-208
B. Pour Plate Technique........ccccoeeieriienenene 9-212
C. Spread Plate Technique .......cccceeveviveennne 9-213
D. Membrane Filter Technique.........cccceov..e.. 9-214
E. Technique for Yeasts......ccovireniiininenne 9-215
F. Zoosporic FUNGi  .cccccveevvivivcece e, 9-215
G. Aquatic Hyphomycetes.........coceevverireninen. 9-217
H. Fungi Pathogenic to Humans................. 9-217
L Polymerase Chain Reaction (PCR)

Methods ..o 9-218
Pathogenic Protozoa.......ccccccoceviicieecinnnenns 9-219
A INtroduction.....ocooeeeicieceee e 9-219
B. Detection of Giardia and

Cryptosporidium in Water...........c......... 9-224
C. Detection of Giardia and

Cryptosporidium in Wastewater . . . . 9-230
D. Infectivity of Cryptosporidium in Cell

CUNUTE i 9-231
BIOLOGICAL EXAMINATION
Introduction .....cccccceveiiii e, 101
Plankton......ccceiicicicce e, 10-2
A, INtroduction.....ccccevviiciieceees 10-2
B. Sample Collection .......cccceovveiriineens 10-3
C. Concentration Techniques.......ccccvevvreenine 10-11
D. Preparing Slide Mounts ........ccccoeevvernnenn. 10-13
E. Microscopes and Calibrations................. 10-15
F. Phytoplankton Counting Techniques 10-17
G. Zooplankton Counting Techniques 10-21
H. Chlorophyll....ccooie 10-22
I. Determination of Biomass (Standing

CrOP) s 10-30
J. Metabolic Rate Measurements.................. 10-32
PeripRytonN. ..o 10-36
A INtroduction...eciccece 10-36
B. Sample Collection ......cccoovvvevvvivvirirven 10-36
C. Sample AnalysiS...cccoiiiiiiniiiiicieecn, 10-38
D. Primary Productivity......c.cceceevviervrernennnn, 1041
E. Interpreting and Reporting Results 10-50



xXxviii

10400

10500

10600

10700

M ACTOPNYTES.cccviiiireie s cieeeetie e eereee s sree e 10-52
AL Introduclion ... 10-52
B. Preliminary SUIrvey ..., 10-53
C. Vegetation Mapping M ethods.................. 10-53
D. Population Estimates.......c.cccoceevreneneinnnn. 10-55
E. ProducCtiVity.....ccoooeviiiiiiiiccccceee, 10-59
Benthic Macroinvertebrates...........cc.ccue..... 10-67
A, INtroduction......cccceee e 10-67
B. Sample Collection .......ccocevvviviieviiiieine 10-70
C. Sample Processing and Analysis 10-79
D. Data Evaluation, Presentation, and

Conclusions ..o 10-81
FiShes .. 10-84
A INtroduction ..o 10-84
B. Data AcCqUISItioN.....cccoeenieiiicineen 10-85
C. Sample Preservation........c.ccoecncienenne. 10-94
D. Analysis of Collections ........ccccevvevervenenn. 10-95
E. Investigation of Fish Kills.......ccceeee. 10-100
Benthic Meiofauna.....cccooeeeeviiiiiieiiiiineeennnn. 10-101

10750

10900

INDEX

TABLE OF CONTENTS

N fmatological Examination........cccccevnn.. 10-102
A, INtroduction....cceece e, 10-102
B. Collection and Processing Techniques
for Nematodes......cooeeveveieviciieennnns 10-104
C. lllustrated Key to Freshwater
NematodesS...ccoevevecveeiece e 10-106
Identification of Aquatic O rganisms 10-122
A. Identification Procedure......cccoceevernnenn. 10-122
B. Key to Major Groups of Aquatic
Organisms (Plates 1-40) ......ccccoce.ee. 10-122
Acknowledgments......cccooevveniinnenn 10-126
C. Key for Identification of Common
Freshwater Algae (Plates 1A, IB.
4A. 4B, and 28-40) .o, 10-160
D. Index to IHlustrations.......c.ccoceveveveveeennn 10-165
E. Selected Taxonomic References............. 10-168
bl



