' G. TECHNICAL COMPLIANCE
GUIDELINES

Index to Rulemaking File Undexrground Storage Tank Regulations Title 23, Waters
pivision 3, Water Resources Control Board Chapter 16, Underground Storage Tank
Regulations 1985 ‘



ewettstein
*NO LINK"


1. American Public Health

- Assoc., American Water Works
Assoc., Water Pollution
Control Federation. Standard
Methods for the Examination of
Water and Wastewater, 15th
Edition, 1981

Index to Rulemaking File Underground Storage Tank Regulations Title 23, Waters
Division 3, Watexr Resources Control Board Chapter 16, Underground Storage Tank
Regulations 1985 ‘



ol




TABLE OF CONTENTS

R

100 GENERAL INTRODUCTION

10] APPLICATIONS

102 LABORATORY APPARATUS, REAGENTS, AND TECHNICS
103  EXPRESSION OF RESULTS '

104 PRECISION, ACCURACY, AND CORRECTNESS OF ANALYSES .

A. Precision and Accuracy
B. Quality Control in Chemical Analysis
C. Checking Correctness of Analyses

- 105" COLLECTION AND PRESERVATION OF SAMPLES _

06~ TON-EXCHANGE RESINS -7 1 maveemms ettt oo 8ot aites 5
107 EXAMINATION OF INDUSTRIAL WATER SUPPLIES
108 SAFETY '
109~ BIBLIOGRAPHY . .

200 PHYSICAL EXAMINATION

20] INTRODUCTION . . . .« . . .. e e e 57
202 APPEARANCE ' _

203 CarciuM CARBONATE SATURATION

e Ty r—
R R

[T

A. Visual Comparison Method
B. Spectrophotometric Method
C. Tristimulus Filter Method
D. ADMI Tristimulus Filter Method (T ENTATIVE)
1 E.’ Bibliography
. 205 CONDUCTIVITY
206 FLOATABLES
A. Particulate Fioatabies (TENTA‘I‘IVE)
B. Trichlorotrifiuoroethane-Soluble Fioatable Qil and Grease
(TENTATIVE) .
. C. Bibliography
207 ObOR .. ..
208 OXYGEN TRANSFER
~ 7" A. Oxygen Transfer in' Ciean Water- (TENTATIVE)
. B. Nonsteady-State Oxygen Transfer in Activated Sludge
JTENTATIVE)
€. Bibliography .




o, Ey S Rt i CEERASNS N ek ST e T L e P

i
iy
i PaGe
y ?'; 209 RESIDUE ....... L 90 B. Prelin
A. Total Residue Dried at 103<105C . . ..« . o« . . . 92 C. Prelin
5, B. Total Filtrable Residue Driedat 180C . .. ... ... 93 D. Nitric
it C. Total Filtrable Residue Dried at 103-105C . . .. ... 94 E. Nitric
D. Total Nonfiltrable Residue Dried at 103-105 C (Total ' F. Nitric
Suspended Matter) . . . « . « v« v v i v e o0 e 94 G. Dry A
E. Total Volatile and Fixed Residue at 50C ... 95 H. Diges’
F. SettleableMatter . . . . . .« v o v v v v v v v o v s -] Cont:
G. Volatile and Fixed Matter in Nonfiitrable Residue and 303 METALS r
in Solid and Semisolid Samples . .. ... .. L. 97
H, RefErences . . « oo v v vm o v v v s as e e .. 99
H I. Bibliography . .. . . v v v v m v ot v e e 9%
i ST 07 SanmrTy Lo A LSS R e 9 -
i o == ——~=-Ar~Electrical Conductivity Method =, T T ITTT

N

B. Hydrometric Method . . . . . C e e
C. ArgentometricMethod . . . .. ... .. e e 107 intc
D, RefErence . . v v v vce o v v v ot o nn v s . 120 - B. Deterr
"E. Bibliography . ... ...« ... ... 120 Chr.
................... Nic.
st A. TasteThresholdTest . . v v« v v 0 v v v v v e v v v s st Pyr
S B. Taste RatingTest . . . . . . e e e e 122 L : Me’
2 ) " C. References . . .. .. .o vo .. e e e 123 C. Detert
- : D. BibOZEPHY « vo v vm e o e i e w123 Mol
: : 212 TEMPERATURE . « « v v v e s enenensoam oo e s 124 1“‘“
213 TESTSONSLUDGES we v v o v o s o s v ce & ow v vw s 125 D. Dete‘i:
A. Oxygen-ConsumptionRate ... .. ... o0 .125 Ber
. B. SettledSludge Volume . .". . . « + v ¢ o s o e v v v 127 Ext
- - C. SludgeVolumeIndex . ... .. .. e e e s 127 E. Deternt
D. ZoneSettlingRate . . . ...« .o in 128 The
E. SpecificGravity . .. . .0 v o v v aa e te e 128 Hyc
‘F. References . . ...+ oo v v v v e ee e . 130 F. Deter
G. Blbhography ................. wa e e.. 130 304 DETERMI
. 214 TursIDITY .\._--.\....,; e e e e .. 131 ELECTR
A. Nephelometric Method ——Nephclometrlc Turb:dlty SPECTR
_ Unts . ... v v v v v fvmm s ama s i e 132 _ 305 POLAROG!
) B. Visual Methods—lacksonTurbldlty Umts e e 134 .
C. Bibliography . .. . .« v v s v e e e e e 137 s 306 ALUMINU
: T T AL Atomi
Part 300 DETERMINATION OF METALS B. Erioct
301 INTRODUCTION . i ooz s o oo ' L. 14] 307 ARSENIC.
302 PRELIMINARY TREATMENT OF SAMPLES ......... v 142 A. Atomi
A. Preliminary Filtration . ....... e e w.. 143 B. Siiver




303

Preliminary Treatment for Acid-Extractable Metals . .
Preliminary Digestion forMetals . . . . . . . . . ...
Nitric Acid Digestion . . . . . .. .. ... .. ...,
Nitric Acid-Sulfuric Acid Digestion . .. .. ... ..
Nitric Acid-Perchloric Acid Digestion
DryAshing . . ... . 0 i it v it i i ot vt
Digestion of Sludge with ngh or Refractory Organic
Content . . . . . v v it i e e e e e 147

METALS BY FLAME ATOMIC ABSORPTION _
SPECTROPHOTOMETRY . + 4 « « s s s s s s v v s 0 v s 147
A. Determination of Antimany, Bismuth, Cadmium, Calcium,
Cesium, Chromium, Cobalt, Copper, Gold, Iridium, Iron,
Lead, Lithium, Magnesium, Manganese, Nickel, Platinum,
Potassiom, Rhodium, Ruthenium, Silver, Sodium,

.........

#@mmpow

107
120
120 =
120
121
122
123
123

127

127 -
128
129
130
130 -
131

132

134
137

141

304

305

.396

307

Strontiufi; Thallium, Tin, and Zinc by Direct Aspxrét:on
. into an Air-Acetylene Flame . . . . .. ... .. ... 152
B. Determination of Low Concentrations of Cadmmm,
Chromium, Cobalt, Copper, Iron, Lead, Manganese,
Nickel, Sitver, and Zinc by Chelation with Ammonium
Pyrrolidine Dithiocarbamate (APDC) and Extraction into
Methyl Isobutyl Ketone (MIBK) . ... ... ... 156
L. Determination of Aluminum, Barjum, Beryllium, i
. Molybdenum, Osmium, Silicon, Thorium, Titanium, and
Vanadiem, by Direct Aspiration into a Nitrous Oxide-
AcetyleneFlame . . . . . . . . u i u i o 157
D. Determination of Low Concentratlons of Ah:mmum and
Beryliium by Chelation with 8-Hydroxyquinoline and
Extraction into Methyl Isobutyl Ketone . . .. ... 159
E. Determination of Arsenic and Seleninm by Conversmn to
Their Hydrides and Aspiration of the Gas into an Argon-
Hydrogen or Nitrogen-Hydrogen Flame . . . . . , . 160
¥. Deiermination of Mercury by the Cold Vapor Technic = 164

DETERMINATION OF MICRO AMOUNTS OF METALS BY
. ELECTROTHERMAL ATOMIC ABSORPTION

SeECTROPHOTOMETRY (TENTATIVE) ... ...... 166
POLAROGRAPHIC METHODS . . v v v v v o e e e v e 168
ALUMINUM © ¢ 4 4 v o 4 o v s a s vs oo o aa v oo 169
A. Atomic Absorption Spectrophotometric Method . . . _ 169
B. Eriochrome CyanineRMethod . . .. .. .. .. ... 169
ARSENIC v o 4 s 4 v e s et s b v e v a e am e aeas 173

iy

AT Atomic AbsorptlorTSpectrophotometnc Method ... 174
B. Silver Diethyldithiocarbamate Method

........



=3, . 11

iz
Tl
5 i
T
|l
i :j__g;-
-~
75 ‘};’
c1 <
3:’
;
!
t
\

Ty ATAR A T PSRN BNty AN

A. Atomic Absorption Spectrophotometric Method . .

B. PhenanthrolmeMethod e e e e e e e i
C. References . ... .... e
D. Bxbllography ............. e e e e e

............................

A, Atoric Absorption Spectrophotometnc Method

B. DithizoneMethod . . ... . . ... . 7. .. o
C. References . . . v« i v v i it e e e e e s e

. madTTadamems . o SEARIN, amea :\ﬂa.s“‘!‘.g,.,: e 2 Aot o e 1ot S e i

TABLE OF CONTENTS ABLE OF CONTENTS
. PacE ;
C. Mercuric Bromide Stain Method . . ... ... .. .. 176 318 MAGNESIUM
D, Bibjiography . ......... . e e e 177 A. Atomic s
308 BARTUM .. v vttt v e enlunecan o 177 B. Gravime:
309 BERYLLIUM . .......... S e . 178 C. Magnesi.
A. Atoshic Absorption Spectrophotomemc Method . 178 D. Bibliogr zr
B. AluminonMethod . . ... ........... we. 178 319 MANGANESE
310 CAPMIUM o v o v vttt eeee e e ... 180 g- ;‘“’mit‘ff
A, Atomic Absorptlon Spectrophotometnc Method ... 180 C. B?I;fiuo a}
B. DithizoneMethod . . . o . v oo v vn .. . e 180 : g
C. PolarographicMethod . ... ... ...... ..o 182 320 MEeRCURY
© 317 -CALCIUM . 5! of o 0w e e arermanes a w182 et g ]I;Ii"::,'eles
: . izon
- = -de- Atomic Absorption Spectrophotometnc Method . 183 391 N .
B. Permanganate TitrimetricMethod . . .. . ... ... 183 - e IDFE-I" -5',_ )
C. EDTA TitrimetricMethod . .. . o ... .. ... .. 185 A. Atomic ¢
D. BiblOGraPHY . . v s oe e e e a e 186 g- gepml’:"
312 CHROMIUM .. 2 4 s o v o v oot e s v am v n v e e 187 D Bi':;;g}{
A. Atomic Absorption Method for Total Chromium . . . 187 o
: : 322 P
B. ColorimetricMethod . . ... ............1 187 z OTASSIU_M
. : A. Atomic ¢
313 COPPER C e et e e e e e e e s . 190 B. Fiame Pi
A. Atomic Absorption Spectrophotometrlc Method ... 190 C. Bibliogre
B. NeocupromeMethod .................. 191 323 SI‘ELENIUM
C. B:.itt}ocuprome Method . . .. ... R X A. Atomic £
D. Bibliography . .« . ¢ ¢ e o i i e e .. 154 B. Diaminoi
314 HARDNESS « 4 v v v vmim o sm e oa e e e s 194 C. Distillatit
A. ‘Hardness by- Calculatlon ...... w e e e e 195 D. Bibliogrz
B. EDTATitrimetricMethod . ... ........... 193 324 SILVER .
: C.'. Bib}iﬂg"aphy I L AR PR . . 199 A, Atommf

B. Dlthlzoq.
C. .Bibliogrz

201 ,

201 325 SopiuMm

205 A. Atomic ¢
206 B. Flame E:

326 STRONTIUM
A. Atomic 4
""" B, Flame Ei
C. Bibliogrs
327 _VANADIUM

SO EIOM e T Ty

A. Atomic Absorption Spectrophotometric Method
B. Flame Emission Photometric Method . ... .. ...

A, Atomic
B. Gallic Ad




318 MAGNESIUM

A. Atomic Absorption Spectrophotometric Method
B. Gravimetric Method
C. Magnesium by Calcnlation
D. Bibliography
319 MaNcaNEesE (TOTAL) . . .
A. Atomic Absorption Spectrophotometric Method
B. Persulfate Method
C. Bibliography
320 MERCURY
A. Flameless Atomic Absorption Method
B. Dlthlzone Method
- 321 b e e e
U W Atormc Absorptlon Spectro_photometrlc Method
B. Heptoxime Method (TENTATIVE)
C. Dimethylglyoxime Method
D. Bibliography
322 POTASSIUM
A. Atomic Absorption Spectrophotometric Method
B. Flame Photometric Method
C. Bibliography
323 . SELENIUM
* A, Atomic Absorptlon Spectrophotometric Method
B. Diaminobenzidine Method
C. Distillation and Diaminobenzidine Method
D. Bibliography ) e .
324 SILVER .. ... e e e e e e
A. Atormc Absorplxon Spectrophotometnc Method
B. Dithizone Method
. C. Bibliography
325 SopiuMm _
A. Atomic Absorption Spectrophotometric Method
B. Flame Emission Photometric Method
326 STRONTIUM . .0 v wewm e oo
A. Atomic Absorpmon Spectmphctametnc Method
B. Flame Emission Photometric Method
- C. Biblicgraphy ... .. N .
327 VANADIUM :
A. Atomic Absorption Spectrophotometnc Method
B. Gallic Acid Method

SRR

4 P S i P
iy i g Lt Al

ﬁﬂm"'iﬁgﬁﬂ: ARG RERERE BN

me i




o el o B e AT - 22 eRTRE y P I e R et ki

LBl 2 idvand.

i
i
g

i
i

P e T
i X

Dy s ey lop

T I R TIACERD

[

a0 T e T S

el

TABLE OF CONTENTS

PaGE

72 Lo 239
A. Atomic Absorption Spectrophotometric Method . . . 239
B. Dithizone Methodl ", . ... ... e e e e e . . 239
C. Dithizone MethodIl . .. .« ... v v v v v 242
D. ZinconMethod . . .. ... ... ... L
E. Bibliography . ... .. e e e e 245

DETERMINATION OF INORGANIC
NONMETALLIC CONSTIT UENTS

INORGANIC NON-METALS—INTRODUCTION . . . . . . .« 249
ACIDITY ... .... L 249
ALKALINITY . .. ... e e e e e 253
___BORON...........,.,..' ............ 257
A. Curcumin Method . . o+ -, o7 TV T 0L 28T
B. Carmine Method . . . . ... ... . e 260
C. -BibBography . .« ¢ o v v v i v e e 261
BROMIDE . o o v st o o v n v s s na e st an v aans 261
CARBONDIOXIDE = « + v 0 o o vt et v v o a s oo 262
A. Nomographic Determination of Free Carbon Dioxide and
. the Three Forms of Alkalinity . ... ........ 263
B. Titrimetric Method for Free Carbon Dioxide . . . . . - 268
C. Carbon Dioxide and Forms of Alkalinity by Calculation” 268 .
D. Bibliography e e e e . oe .. 269
CHLORIDE .......... e e ke e e e e e . 269
A. Argentometric Method « v o v v o e e e e 27
"B. Mercuric NitrateMethod . . .. .. ... .. ... 271
C. PotentiometricMethod . . . . . ... .o e e 273
D. Automated Ferricyanide Method (TENTATIVE) ... 275
E. Bibliography . .. . e e e e e e e e s e 277
CHLORINE (RESIDUALY « + « « + o v v v e v s on e n e e 277
A. Jlodometric MethodIl . . . ..... e e 280
B, fodometricMethod I .. .......... e 283
C. Amperometric Titration Method + . o oo v e e
D. DPD Ferrous TitrimetricMethod . . . . . . . -« . -
E. DPD Colorimetric Method . . . . . e e e e e e
F. Leuco Crystal VioletMethod . . . ... ... ....
" (. Syringaldazine (FACTS) Method (T ENTATIVE)
H. References . . . .« o v o o n .. e i e e e e .
1 Bltiography ......................
CHLORINEDEMAND . . . .. - .. N

A. LaboratorvMethod . ....... ... 302

MmO 0w

B. Field Meth
C. Bibliograp
CHLORINE Dic

“A. Todometric

B. Amperoms
C. DPD Meth
D. Bibliograp

411 CHLORINE RE:

A. Methodfo
B. Methods

412 CYANIDE . .

A. Preliminar
B. Totzal Cyar
. Titrimetric

D. Colorimet:

. Cyanides .
. Thiocyana
without
. Cyanogen
Spot Test”
Cyanates
Thiocyanz
" Reference

p
D
E. Cyanide-S
F
G

t‘t?ﬂ!—'r*m

FLUORIDE . .
Preliminar
Electrode
SPADNS
Alizarin V
Complexc
Bibliograr
IopipE . . .

. A. LeucoCr

B. Catalytic
C. Reference
D. Bibliograr
IopINE . . .

A, LeocoCr

B. Amperom

C—Bibliograj
NITROGEN



249
... 253
s . 287 =
257
L. 260

.. 261 E. Cyamde-SelectlveElectrodeMethod PP v S
261 F. Cyanides Amenable to Chlorination aﬁer DlStlHﬂ.ﬁOn . 324 :

262 G. Thiocyanates and Cyanides Amenable to Chlorination '

deamd " "7 7 without Distillation (Short-Cut Method) . . . .. .. 325
263 H. CyanogenChloride . . . . ...« oo v v v v v o 327
L 268 ) I. Spot Test for Sample Screening . . . .. ... ..., 327
ation 268 N ' J.- Cyanates ... .. e e e e .. 328
L 269 K. Thiocyanate . .. . . .. i o v v vu v s orsoen 330
- 260 L. References .. ... @ e e e e e e e .. 331
270 413 PLUORIDE + v v v v v v v vta s s vm bm v e v b as u s o332

271 A. 'Preliminary Distillation Step e e e e 334
o 3 B. Electrode Method . . ... R 335
. 275 -"." . C. SPADNS Method . .... O 337
.M D. Alizarin VisualMethod . ............... ‘339
L o ' E. Complexone Method (TENTATIVE) .. ....... 340

’ 280 E, Bibliography .. ....... P 342
Tt g3 414 IODIDE . . . . u . .. e it a4 et 342
286 . A. Leunco Crystal Vlolet Method ('I‘ENTATIVE) ..... 342

280 _ B. Catalytic ReductionMethod . . ... ... ... ... 344

L. C. References ... . ..« v v v v v o cvwes s L 346
DR . ) D. Blbhography .......... R A 346
L. 298 & 415 JODINE 4 oemw i i i e 346
300 “ A. Leuco Crystal Violet Method (TENTATIVE) . .". . - 347

2 2 - 300 - . B. Amperometric Titration Method . . . .. .. .. Ce ... 349
] : C. Bibliography . ... ... e e e e e 350

NITROGEN « v« c o« v o o v e T s n v st e e e

410

411

412

B. FieldMethod . . . o v v oore e v oo oo 303

C:. Bibliography . ... ... e e e e e e 304
CHLORINEDIOXIDE + » « 2 2 v v o v e n e o v v s ... 304
A, lodometric Methad . . . . . . e e e e e 305
B.~AmperometricMethod . . . .. ... L0 0o 307
C. DPD Method (TENTATIVE) . . . . ... . v v 308
D. Bibliography . .. ....... e e e e e 310
CHLORINEREQUIREMENT .+ &+ & « « v ¢ o 4 s s o = # o o » 310
A. Method for Control of Disinfection . .. ... ... 311
B. Methods for Purposes Other Than Disinfection Control 312
CYANIDE v v v v v v o s s v v v v s e e e 312
A. Preliminary Treatmentof Samples ... .. ... .. .. 315
B. Total Cyanide after Distillation . .. ... e 317
-C. Tltrimetric Method ................... 319

------------------

T
c UM pane

e

T

R S T

‘—'Eﬂwwpg_gg;uyx@é e ZoT

L e R T T e L i

A
ittt et 14 S Lk T e P £
2 ey

e

e e RSt e e tarse.

AT

L2



L L T e X T e SR

- TABLE OF CONTENTS
. . PAGE
g 417 NITROGEN (AMMONIA) + o o v v v v s s v v v 0 n s ... 351
8 ' _ A. Preliminary Distilation Step . . « . .o . vt .. 355
2 i B. Nesslerization Method (Direct and Following Dis- i
. tillation) . ... e e Cee e 356
C. PhenateMethod . . . . ... v ov v s ... 360
D. TitrimetricMethod . .. . .. ...t 361
= E. Ammonia-Selective Electrode Method (TENTATIVE) - 362
g | F. Automated Phenate Method (TENTATIVE) . . ... 363
3 G. Bibliography . ... .. ... .. B 366
.. ;l*‘-.',' 418 NITROGEN(NITRATE).. « 4 + o s m s = s s v s o s 4 o o = 367
* - . _ A Ultraviolet Spectrophotometnc Screening Method 368
: - - -+ B. Nitrate Electrode Screening Method .. . . .7 . . .. .. 369
T T = CrCadmium Reduction Method o cme vec v 4 e 370
D. Chromotropic AcidMethod - .. ........... 373°
E. Devarda's Alioy ReductionMethod . . . ... ... . 375
-+ .« F. Automated Cadmiuvm Reduoction Method o
: o CATENTATIVE) .0 v i i it i e et e a e 376
G. Bibliography . .. .. ... ... W e e e e e e - 379
419 NITROGEN (NITRITE) o1 « ot s e v e v s e ae v s 380
420 NITROGEN (ORGANIC). . . . . b e e e .. 383
A. Macro-Kjeldahl Method . . . ... . e v, 383
by B. Semi-Micro Kjeldah! Method (TENTA'I‘IVE) 386
421 'OXYGEN (DISSOLVED) . .. .. e e e 388
A. JodometricMethods . . . .o v in vt vt .. 388
i B. AzideModification . . .. ... ... 390
i C. Permanganate Modification . ... .......... 393
iﬁ D. Alum Flocculation Modification . .. ........ . 394
el E. Copper Sulfate-Sulfamic Acid Flocculation Modlﬁ-
o cation . ..., ... e s e e 395
F. "Membrane Electrode Method .............. 395
G. References . . . ... ....... e ... 398
0zONE (RESIDUAL) ........................ 399

PHVALUE .. ...t v s e e e e .
PHOSPHORUS--...- C e . e et e e e e e e e

A, Prehmmary Filtration Step ..... e e e e e e 412
B. Preliminary Acid Hydrolysis Step for Acxd-Hydrolyzable

Phosphorls -« v o v v v o it v e et v e s s s 412
C. Preliminary Digestion Steps for Total Phosphorus . . . 413
D. Vanadomolybdophosphoric Acid Colorimetric Method 415
E. Stannous Chloride Method . . . . .. .. P & i
F. AscorbicAcidMethod . .. ... .. .. .....

425

426

427

428
500

501

502

G. Automa
(TEN
H. Bibliogr
SiLica
Atomic
Gravim:
Molybd
Heterog
Automa
Referen
Bibliog:
SULFATE .
A. Gravim:
B.Gravir
C. Turbidis
D Automa
E. Bibliogr
SULFIDE
A. Separat’
B. Sampie.
T ortof
C. Methyle
D. Todome
E. Calcula.
F. Bibiiogr
SULFITE

DETERMI!
CONSTITT

InTRODUC.
METHANE

A, Combn
B. Volum:

QEHEOOW

- C: Bibliog

503

GREASE AP
A. Partitic
B. Partitic
C. Soxhle
I —FExtrac
E. Hydro
¥, Biblio;




G. Automated Ascorbic Acid Reduction Method
(TENTATIVE}) .
... H. Bibliography
425 SiLica
. Atomic Absorption Spectrophotometric Method
. Gravimetric Methed
. Molybdosilicate Method
. Heteropoly Blue Method
. Automated Method for Molybdate-Reacnve Silico .
. References
. Bibliography
426 SULFATE
A. Gravimetric Method with Ignition of Residue
B. Gravimetric Method with Drymg of Res:due
7 7 'C. Turbidimetric Method ™~

E. . Bibliography
427. SULFIDE wirs.v st v acareum % e ace s 0 0 s s
. Separation of Soluble and Insoluble Sulfides
. Sample Pretreatment to Remove Interfering Substances
or to Concentrate the Sulfide
. Methylene Blue Method " . . .
. Todometric Method
Calculation of Un-ionized Hydrogen Sulfide
F‘ Bibliography
SULFITE

DETERMINATION OF ORGANIC
CONSTITUTENTS
INTRODUCTION
. METHANE
A. Combustible-Gas Indicator Method
. B. Volumetric Method
C. Bibliography
. . 503 GREASE ANDOIL
A. Partition-Gravimetric Method
B. Partition-Infrared Method ('I'EN'I‘ATIVE)
C. SoxhletExtractionMethod ... .. .. ..
— - - D.-‘Extraction Method for Studge Samples - :
E. Hydrocarboms '
F. Bibliography

¥p Foi— o




e A

q XK _ TABLE OF CONTENTS < §
: if ) . Page |

. i 504 ORGANIC ACIDS AND VOLATILEACIDS . . .. .. v e .. 467 602 MODULARINS:

“ ) A. Chromatographic Separation Method for Organic Acids 467 TUBING
FE .'B. Steam Distillation Method for Volatile {Lmds ..... 469 part 700 EXAMIN ATIC
!;,5; g I;l;tlﬂlatlonhMethod (TENTATIVE) .. .... e :5;7() ,:,,, RADIOACTIV
r{ . ibliography . .......... . B 7| 701 INTRODUCTIO
L .505 OrGaNic CARBON (TOTAL) Combustlon-lnfrared Method . 4n A Collection
~! 506 CarBON-CHLOROFORM EXTRACT (CCE-M) .. ...... 475 B: Counting -
1 507 OxYGEN DEMAND (BIOCHEMICAL) . . .. ... .. ... 48 E C. Counting.
508 OxvyGEN DEMAND (CHEMICAL) + - « « v v v & - e e ... 489 D. Laborator,
A. Dichromate RefluxMethod . ..., ... .. .... 45 _ E. Exp}'es:,sm—;

B, REEIEICES + o v ¢ o v o v s b v e e e e n e v, 493 F. Statistics
G. Quality A:

509 PESTICIDES(ORGAN[C) e e e e e e .. 483

" A. Organochlonne Pestlcldes (TENTATIVE} .k e
Appendix—Standardization of Magnesia-Silica Gel”" ™ ™" - -
Column by Weight Adjustment Based on Adsorption

. Reference
L Bibliogrd’

2 l702 RADIOACTIVI

of Lauric ACd .« oo et 5017 703 GROSS ALPH/
B. Chlorinated Phenoxy Acid Herbicides (TENTATIVE)  504— + o =~ SUSPENDE'
C. Bibliography . .. ... ... ... 507 704_TOTALRADI(
510 PHENOLS v v v v s v v vnunnns e - [ . WaTter
A. CleanupProcedure . . . . v v v v v v v v . e .. 509 - 705 RADIUMINY
B." Chloroform Extraction Method . . . ... . ) {1 706 RADIUM 226
C. Direct Photometric Method . . . . ... ce .. 513 . ToraL) .
D. Gas-Liquid Chromatographchethod c e e e ... 514 707 RADIUM 228
. ~E. Blbhographyv..ﬂ,..............'..'... 523 708 TRITIUM .
E 511 SLUDGEDIGESTERGAS . .. ..o s v ve v v .. 523 709" RADIOACTIV
E A. VolumetricMethod . ... ... ... ce . 524 710 RADIOACTIV
B. Gas Chromatogmphic Method I 527 . - A. Precipits
C. Rfaf?rences PP - 528 B. TonExtl
D. Bibliography . .. .. DRI ee ... 529 ‘ C. Distillati
: 512 SURFACTAN‘ITS (ANIONIC) . v v v v oo v e e o a . 530 1. Bibliogr:
A. Methylene Blue Method for Methylene-Blue-Active o . Ll
Sugstances (MBAS) . . ... e ... 530 Part 800 BIOASSAY
A B. Carbon Adsorption-Infrared Method (TENTATIVE) . 533 , ORGANISN.
C.- References . .. ........ e e e 536 . 801. INTRODUCT
i D. Bibliography _. . . . . . T : 1 Al Termm(
ﬁ 513 TANNINANDLIGNIN « « <o v oot e s o s sinm s . 536 B. BasicR
.i"““ T met= T 5147 HALOGENATED METHANES AND ETHANES BY PURGE AND TRAP — s g g:;;::;
. ‘ (TENTATIVE)_' R S E. Bioassa
Part—G6H—AUTOMATEDEABORATORY ANALYSES F—Calcula:
601 INTRODUCTION . . ..+ ... ... - £ Bioags




INTENTS ABLE OF CONTENTS : . XX

602 MODULAR INSTRUMENT SYSTEMS USING FLEXIBLE

ids 467 TuBmNG .. ... .. e e e e e e e e e 554
469 - Part 700 EXAMINATION OF WATER AND WASTEWATER FOR }ﬁ"
. 470 RADIOACTIVITY ik
d’ - 4 T01 INTRODUCTION . . . v v v i eo o v ime e v in e 559 ; :‘g
A A. Collection of Samples . . v oo oo v v v vt - 560 |7
B. CountingRoom .. ........... C e e e 560 ing
C. Countmg Instruments . .. ..a. ol ce .. 561 g: g‘g
D. Laboratory Rea.gems and Apparatus e e e 567 lt:gj
E. ExpressionofResults . ... .. e e 568 :
. F. Statistics . ...... e et e e 568 32!
o G. Quality ASSUTARCE . + v v v v e v v v v v n i oL 570 e
i " H. References . . Lo .. ST 1{,% :
.J'“'.".“ —ee~-=- . .- Bibliogriphy '_'—_'__Z,I_..'._-‘_‘.'-' e e - 1 | E{%
sion  [BEEme . 702 RADIOACTIVITY INWASTEWATER ' ...’ W7 : Jﬁ
... 50 703 Gross ALPRA AND GROSS BETA RADIOACTIVITY (TOTAL,
VE) 504 - © - SUSPENDED,ANDDISSOLVED) . .. ........... 574
507 704 ToTaL RADIOACTIVE STRONTIUM AND STRONTIUM 50 N - '
508 e ;g
A 508 705 RADIUM IN WATERBY PRECIPITATION . . . v v 4 v v b v s 585 - ;E
510 706 RADIUM 226 BY RADON IN WATER (SOLUBLE, SUSPENDED, AND ;ﬁ
R & TOTAL) « + v oo v e e v v et e e aeae e 590 5{3“
. 514 707 RaDiUM 228 (SoLURLE) (TENTATIVE) . . . . . . . ... 600 B
@ 3 B s memon 1
i 523 709 RADIOACTIVECESIUM ... e v v v vmv v ee s 605 i
- 5% 710 RADICACTIVEIODINE . . ... .. v . ... e e. . 60T M
.. ;g A, Precipitation Method . . . . ... ... REER 608 %
) 520 B. IonExchangeMethod .. ............ ... 609 j
t C. DistillationMethod . . .. ..~ . ... ... 611 .
cea. 330 D. Bibliography . . .- .. e e i
’Y? .. 530 BIOASSAY METHODS FOR AQUATIC ' !
VE) . 533 : ORG;WMS ,
.. .. 536 801, INTRODUCTION « v v i v o v v e mv s v e nn v e un ... 615 ;
v 536 A. Terminology . ......... e 615 -
.o 536 B. Bas1cRequlrementsfoerassays v 617 H
£ AND TRAp - . C. Conducting Bicassays ... ........ e 617 !
. 538 g D. Preparing Organisms Tor Bioassays . .. . . . :. « 621 !
E. Bioassay Systems, Test Materials, and Procedures . . 633
Fe-{oal cxﬂalmg,_{gggl_ynng_,_@_g_]i‘f_pgt_l_ng Resnits of

..... ‘ : Bmassays.......................

B

bt et Aodet P et s
-



[

G. Interpreting and Applying Results of Bioassay . . . . . 645"
H. References . ..... e e e e e e e e 646

TABLE OF CONTENTS

Pace ¥ .

802 BIOSTIMULATION (ALGAL PRODUCTIVITY) .. . .. ... 649

A. GeneralPrinciples . ... ... ... R
B. Planning and Evaluating AlgalAssays e e e 650
C. Apparatus . . . . ... e e e e e e e .+ 65)
D. SampleHandhng......‘..._.,.......... 652
E. Synthetic Algal Culture Mediuom . . . . . . ... ... 652
E, Tnoculum . . . ..o v iv v e oo on .......652‘
G. Test Conditions and Procedures . . ... .. ... .. 654 -
H. Effectof Additions . . .. ... .% .o Ce s
I.. Data Analysis and Interprctatlon e . R
1. Referemces .70 . .77
""""" K Bibliograghy ™ =7 LT T T I R S e

ToxiciTy TeSTING WITH PHYTOPLANKTON (TENTATIVE)

PROCEDURES FOR TESTING ZOOPLANKTON . . . . . . -
A. Procedures for Ciliated Protozoa (TENTATIVE) . . .
B. Bioassay Procedures for Daphnia (TENTATIVE) . . .
C. Bioassay Procedures for the Calanoid Copepod, Acartia
tonsa (Dana) (TENTATIVE) ... ... e
805 BioaSsSAY PROCEDURES FOR SCLERACTINIAN CORAL
(TENTATIVE) - ... ... ... e e R
A. Selecting and PrgparingTest Organisms C e e
B. TestProcedures .. . . .. . e e e e e i
C. Evaluating and Reporting Results e e e e . .
D. References . - v« v o« w o s s e a e a e RN
806 BioassaY PROCEDURES FOR MARINE POLYCHAETE ANNELIDS
(TENTATIVE} e e v v e e e s e s e
A. Selecting and Preparing Test Orgamsms ..... RPN
B. BioassayProcedures . ... . ... . .00
C. DataEvaluation ....... e e e e e e e e
D. Referemce ‘. .. .. ..
E. Bibliography - o v v v v v ve v mn et
" 807 BloassaY PROCEDURES FOR CRUSTACEANS (TENTATIVE)

A. Selecting and Preparing Test Species, . . . . . . . ..

=== B, -Conducting 'the Biocassays .+ .. . ...« . .-~ .

C. RepoitingResults . . . . ...« o oot e
D. References . - . . .« v v v v v o u v

E. Bibliogravhy .. ... ...« ... T e

666

681

. 808 BioassaY Pro

TIVE)
A. Selectinga
B. BioassayF
C. Data Evah
D. Reference:
E. Bibliograp

" 809 Bioassay PrO

A. Selectings
B. Conductin
C. Reporting

_ =~ D.. Reference

E. Blbhograp

" 810 BloassAaY Pre

A. Selecting :
B. General P
C. Conductir
D. Reference

900 MICROBIOL:
1 901 . INTRODUCTIC

A. Generall
B, U.S.EPA

"‘: ‘1 902 L.ABORATORY

A. Intralabo
B. Interlabo:
C. Referenct

" 903 L.ABORATORY
" 904 WASHING AN

905 PREPARATIO!

~ 4w A, Generall

.B. Water .
C. Media Sp
1. Dilmt

2. Tryr
3. Plate

s o4, Law

, -+ 5. Brll
' 6. Eosi

. m



il

PaGe

Bioassay PROCEDURES FOR AQUATIC INSECTS (TENTA-

709
A. Selecting and Preparing Test Organisms 710
B. PBioassay Procedures .o T12
C. Data Evaluation 714
D, References ‘ 714
E. Bibliography 714
BroassaY PROCEDURES FOR MorLusks (TENTATIVE) . 715

A. Selecting and Preparing Test Organisms 715
B. Conducting the Bioassays 718
C. Reporting and Analyzing Results 721
D. References ‘ 721
E. Bibliography . . . ... 722 ..

“ BloassAY PROCEDURES FOR. Fisu ,(TENTATIVE) N
A. Selecting and Preparing Fish 723
B. General Procedures for FlSh 728
C. Conducting Tests » e mue 0 v . & . 730

D. References s 739

MICROBIOLOGICAL EXAMINATION OF WATER
INTRODUCTION

A. General Discussion .
B. U.S. EPA Regulations for Drinking Water Quality

LABORATORY QUALITY ASSURANCE

A. Intralaboratory Quality Control
B. Interlaboratory Quality Control
C. References

681 T T LABORATORY APPARATUS
o W ASHING AND STERILIZATION ~ . v + o v v =+« T

NNELIDS$
.. 681
683
... 686 .
. ... B8 o .
... 086 ., v .o €0 'Media Specifications
TIVE) 687 BET L L . Dilution Water .
Tt 688 = fhive . Tryptone Glucose Extract Agar
: 697 SRR . Plate Count Agar (Tryptone Glucose Yeast. Agar)
e = w .. .. 4. Lauryl Tryptose Broth
: ' -~ 5, Brilliant Green Lactose Bile Broth

s

— 208 & c. - . Eosin Methylene Blue (EMB) Agar (Levme 5
) - ! odxﬁcanon)




o7 b

o Eiigl

s
"‘
vl
-1
.
]
-
s
s
i

-

—

TR o

PYTL REETTY S

T

b

k3

g ot o e g

U g T
ez =2
s

RN T,

ol

PR S Sl
nR 5 L0 B ek ek BTkt i e bt 41 S AL L R i S

i
f
‘.

1
|
|
:
!
;

19. Pfizer Selective Enterococcus (PSE) Agar . . .

~- 20:- Tryptophane Broth - — e os vee e ool
21. Buffered Glucose Broth ... ... e e e e

22. Salt Peptone Glucose Broth . . . . . . .. ..
23. Koser's Citrate Broth

24. Simmons’ Citrate Agar
25. M-Staphylococcus Broth . ... . ... ...

P N T T I )

27. M-PAAgar . .. 1 .. ... e e e h e e 779
28, Milk Agar (Brown and Scott Foster modlﬁcatlon) . T80
29, AsparagineBroth . . . .. ... .. o0 . . 780
30, AcetamideBroth . . . . .. ... ... ... ... 780
31. Neopeptone-G]ucose-Rose Bengal Aureomycin ‘
ABBE. &+ v m v e e e e e n e e . 780
32. Neopeptope-Glucose Agar . .. .. . . oo oo 781 .
33. Czapék (or Czapek Dox) Agar . . . . . ... . .. 781
34. Yeast Nitrogen Base-Glucose Broth . . . .. ... 78]
35. Yeast Extract-Malt Extract-Glucose Agar . . . . . 781 P
36, Diamalt Agar : . . ... ... e e e 781
37. Starch-CaseinAgar . . .. ... .. G h e e e 781
38. Casitone-Glycerol-Yeast Autolysate Broth (CGY) . 782
39, Isolation Medium (iron Bacteria) .. .. ... .. IR
40 Maintenance (SCY) Medium (Iron Bactena) ce. T8
LMn-Agar ... .0 e e e . 182

TABLE OF CONTENTg

.26, Lipoviteilin-Salt-Mapnito} Agar . ... ... ..

Pagg
7. Nutrient Agar . . ...... . . e T8
8 ECMedium . ... .. vcvwennvnonnnnn 7
9, A-l1Broth ............. e e 776
10. LESEndo Agar . ... .... e e e e 776
11, M-EndoMedium . . ... v oo v e s v v o v u s 777
12. LES MF Holding Medium . . . ... P i
13, M-FCBroth . . . ... .... e e e e e . M
14, M-VFC HoldingMedium . . .. ... ...... m
15. Azide Dextrose Broth. . . . . e e e e e 778
"16. KF Streptococcus Agar . . . . . . . . - e T,
17. Brain-Heart Infusion Agar . . . . . e TR
18. Brain-HeartInfusion . . . . .« v v v v o v v v

42 Iron Oxidizing Medium( Throbac:llus ferro ~oxidans) 782

43, Ferrous Sulfide Agar(Gallionella ferruginea} .

44. Suifate-Reducing Medium' < . . . . . W e e
45, Sulfate-Reducing Medivm (Thiobacillus thioparus)

46, Sulfur Medivm (Thiobacillus thicoxidans)} .

D.

47. M-THrFCARAr « v v vre v v o v o e s e e
Bibliography . .. ... ... e e e e e e e .

t

e e g i, A

906

o7
~ 908

910

" 911

1

912

OF CONTENTS

SAMPLES

A. Collectior
B. Preservat
C. Bibliogra
STANDARD P

MuLTIPLE-TU

THE COLIF
A. Standard
B.- Applicati
C. Fecal Col
D. Estimatic
E.- Bibliogra

GRroOUP .
A. Standard
B. Delayed-
C. Fecal Col
D. Delayed-
E. Bibliogra

TESTS FOR TF

A. Multiple-
B. Membrar
C. Fecal Sir
D. Bibliogra
DIFFERENTIA

(TENTAT
A. Culture F
B. IMVIiCT

- C. Klebsiell;

D. Bibliogra

DETECTION ¢

A. General (
forSal.

B. ITmmunof
monell.

C. Quantita
D. Shigella
E. Enteropz
. Pathoger

E
G. Vibrio CJ
H.. Pathoger



SAMPLES . .

A. Collection . .. L

B. Preservation and Storage .

. C. Bibliography

STANDARD PLATECount ... .. C e e

MuLTIPLE-TUBE FERMENTATION TECHNIC FOR MEMBERS OF
THECOLIFORMGROUP . & . « o % v v v v v v v 0w s

A. Standard Totai Coeliform MPN Te:sts e e e e e

B. Application of Tests to Routine Examinations . .

C. Fecal Coliform MPN Procedure

D. Estimation of Bacterial Density

E. Bibliography ... .. ... ...

796

800
801
802
804

MEMBRANE FILTER TECHNIC FOR MEMBERS oF THE COLIFORM

GrouUP . ... e e s e e e e

. Standard Total Cohforrn Membrane Filter Pracedure .

. Delayed-Incubation Total Coliform Procedure . . . .

. Fecal Coliform Membrane Filter Procedure ., , . . . .

. Delayed-Incubation Fecal Coliform Procedure . . - .
Bibliography

TESTS FOR THE FECAL STREPTOCOCCUS GROUP

A. Multiple-Tube Technic . . . . ..

B. Membrane Filter Technie . .. o ... .. o0
C. Fecal Streptococeal Plate Count (TENTATIVE) . . .
D. Bibilography ... .
DIFFERENTIATION OF COLIFORM GROUP OF ORGANISMS

(TENTATIVE) .

A. Cuiture Purification

B, IMViCTests . . .

C. Klebsiella Differentiation

D. Bibliography . ... ... .

DETECTION OF PATHOGENIC MICROORGANISMS

806

806 .

812
814
8i6

817

817
819
821
B22
823

824

825
825
827
828

A. General Qualitative Isolation and Identification Procedures

forSalmonella . . . . .
. Immunofiuorescence Technic for Detection of Sal-
monella .
- Quantitative Salmonella Procedure
. Shigella . . . .
Enteropathogenic Escherichia coh
Pathogenic Lepiospires
Vibrio Cholerae and NAG Vibrios
W PathogenicProtozoa—.

834

S (PR Bt

Lan i
£ R TR HA




N - J e § PR .

" ; oo TABLE OF CONTENTS
Pace
I. References . . .., . ..., ... ... 845 919 Rapip DETECI
J. Bibliography ..... e e e e e e e e e e 847 A. Seven-Hou
913 DETECTION OF ENTERIC VIRUSES . . . . . e e e 848 B. Special Te
' A. Virus Concentration by Adsorption to and Ejutien from C. References
1 ¢ Microporous Filters (TENTATIVE) ... .. ... 851 920 StrRESSED ORC
: B. Virus C‘Ol..'lCcntratiDn by Alumipum Hydroxide Adsorption- part 1000 BIOLOGICAL
i Precipitation (TENTATIVE) . . . . . ... ... ... 860 1001  INTRODUCTION
3 : C. Hydroextraction-Dialysis with Polyethylene Glycol
. (TENTATIVE) o veverenieenn s, 862 1002 PLANKTON -
i D. Assay and Identification of Viruses in Sample Concentrates A. Introductic
g {4, (TENTATIVE) . ..o v ivn v e ann s ... 863 B. SampleCc
= i e E. REfEIONCES . o v v v v v et vt i v e —_ C. Concentra
’f:;;z'.T_'"“" = cenw - 814 BACTERIOLOGICAL EXAMINATION OF RECREATIONAL . _ : - D Mpuntmg
HY WATERS « o o v e v e e r et e et e e e e E chro:%co;:
i i A, SwimmingPools . . . v v i e e g gﬁ?::;:iy
e ; B, NaturalBathingBeaches . . . .. .. ... v oo H Determins
= C. Membrane Filter Technic for Pseudomonas aeruginosa L Metabolic
A g (TENTATIVE) + « v v v e eevene s “... B85 Y. Reference
i D. Multiple-Tube Technic for Pseudomonas aeruginosa =
i . (TENTATIVE) ...... e e 875 1003 PERIPHYTON
J): 1 E. Bibliography « . .t o ei it e 876 A. Introduct:
l:"& 915 DETECTIONOFFUNGL .+ ¢ v v v it v vt vt e v e et 877 g g:zg: i(
gtk A. Technicfor FUNEi « o v v v oo viees e s 878 D, Productiv
| ;5‘ B. TechnicforYeasts . . . .o .o vmvvuivomann 879 E. Interpreti
B C. Zoosporic Fungi . . v v v v v v i n e e e s 880 F. Reference
l D. Aquatic Hyphomycetes .\ . . e 881 G. Bibliogray
I E. Pathopemic FUNZL - « « ¢ v v v v v veev v an v e 882 1004 MACROPHYTC
'- b F. References , . ...... e e e e e e e 883
: \ G. BIbHOGIAPRY . . o oo e e e n e ... 883 g- ;’;“;’i‘:;:
el ) . e
A 916 DETECTION OF ACTINOMYCETES . . . . . . e e e e B84 C. Vegetatio
3 ! 917 NEMATOLOGICAL EXAMINATION , , . . . . . e . 887 D. Populatio
; ! A. Technic for Nematodes (TENTATIVE) . ... .... 889 E. Productiv
| B. Iiustrated Key to Fresh Water Nematodes . . . . . . . 892 F. Referenc:
C. REFETENCES .« « v v e e v e e et v e e e e e e .. 510 G. Bibliogra
,g D, Bibliography . ... - . v i it e e e 910 1005 BeNTHIC MA
; - 518 IDENTIFICATION OF IRON AND SULFURBACTERIA . . .. 911~ A. Introduct
: A. IronBacteria . .............. i e ... 512 T B. SampleC
B. SulfurBacteria . . .o oo v s e 914 C. SampleF
—CEnumeration;Enrichment;-and-Tsolation of Tronand Sulfur D. Data Bvz
Bacteia(TENTATIVE) . . . . v v v v v v v v 917 E. Referenc
D. References . . ...... e e e e e 919 F. Bibliogre




919 RaPID DETECTION METHODS . . .. . .« .. .. ..

A. Seven-Hour Fecal Coliform Test (’I‘ENTATIVE}
B. Special Technics (TENTATIVE) . ., . :
C. References . . . ... .o v i s v v o

StresSSED OrRGANIsMs (TENTATIVE) . ..

BIOLOGICAL EXAMINATION OF WATER
INTRODUCTION . . .« v v v o s v 0 s s v v s
PLANKTON . 4 o v v v e n v b o b vt s v v v
A, Introduction . .., ........ R
SampleCollection . .. . . .. ¢« . u o
Concentration Technics . . . .. .
Mounting and Preparation for Exammatlon N
Microscopes and Calibrations , . . . .. ..
Counting Technic . . . . .« . v oo 0o v
Chiorophyll '

Determination of Biomass (Standing Crop)
Metabolic Rate Measurements . . . . . . .
References . . . . v v v v v v v v s
PERIPHYTON

Introduction . ., .

Sample Collection

Sample Analysis .

Productivity . . . .

Interpreting and Reporting Results
References

Bibliography . . . ... ...
MACROPHYTON . . . .

A. Imtroduction ... ......

B. Preliminary Survey . . . . . .

C. Vegetation Mapping Methods

D. Population Estimates . .
E
F

Fbwmbnw

:—\-)-l

4

A
B
C.
- D.
E
F
G

+

Productivity . . .
References _
G. Bibliography . ........
BENTHIC MACROINVERTEBRATES
A, Introduction ., . ... ..., ..
B. SampleColiection . .......
Sample Processing and Analysis .

. References « . .. .. « v v v o

C

D. Data Evaluation and Presentation
E

F. Bibliography ..... ..

T




Xxxvifl . " TABLE OF CONTENTS
1086 FISH .. . ... ......o.uu... e e e ' ' 107:1  Routine and Spec
A. Sample Collection and Preservation . .. ... .. .. 1811
B. Sample Analysis .. ...........,...... 1014 -203:1 Constant A as Fu
C. Production and Productivity . . .. ....,...... 1015 203:11 Constant B as Fu
D. Investigationof FishKills .. ... .. f e e 1016 2 203:111 Logarithms of Ca
] E. References ... ...., f e e e e 1017 - E 204:1  Selected Ordinate
b : 1007 IDENTIFICATION OF AQUATIC ORGANISMS . , . . , . . . . 1018 :
3 A. Procedure in Idensification , . .. ......... .. 1018 204:11 Color Hues for
5 B. Key to Major Groups of Aquatic Organisms (Plates 1~ 38) 2051 Conductivity o
11 1019 206:1 Coefficient of V
El 1. Key to Microscopic Organisms .. ., .. ..... 1019 . Test . ...
T 2. Key to Macroscopic Organisms . . . . . . . ... 1020 207:1 Threshold Odor
£ 3. Keyto Macroinvertebrates . . . . ... .. ... .02] _ . Dilutions
s i 4. KeytoCrustaceans ., . ... .. ......... 1022 _ _207:I_._ Dilutions for V:
Fofpmomm e mereme— == TR ey to Insect Pupae ™ UL T UL LU DT 1022 =7 210:1 Values for Com
” :" 6. Key to Insect Larvae, Nymphs, and Some Adults . 1023 Temperature
i ' C. List of Common Types of Aquatic Organisms (Plates 1~ 210:11 Corresponding
1 . 38), by TrophicLevel -. ~ . . ... ....... ... 1024 T 210:III Conversion of €
] . ACKNOWLEDGMENTS & « « v b v v v ev v s s u e 1025 210:IV Conversion of {
D. Key for Identification of Freshwater Algae Common in 213:1 ~ Temperature Ce
Water Supplies and Polluted Waters (Color Plates . 2141 Graduation of C
AF) ... ..., e e e e e e e - » 1065 . ' .
I. Blue-GreenAlgae .. ... .......... ... . 1065 3051 AFomlc Absorp.i-
2. Diatoms .. ..... e 1066 Fk.“?e Atomi;
’ 303:11 Precision and A
3. Flagellate Algae . . . ... ......... .+ .. 1068 i .
. 314:1 Maximum Cone.
‘ 4, Green Algae and Associated Forms . ....... . 1069 - Various Inhib
iy E. RecentChangesinNamesofAlgae . ......... 1072 . . gl
RN F. IndextolHustrations . . . ............... 1073 3151 Selection of Lig
L 5 : : Concentratior
IR s] G. Selected Taxonomic References . . . . . [P 1077 3931 Selenium Recov:
b : .
a INDEX . .. o e 1087 Interference
| 3271 Concentration ai
: . Determinatior
i 403:1 Alkalinity Relati:
‘ “ 408:1 Preparation of St
ST TABLES Visual Determ’
r }1 .. 413:1 Concentration of
f‘f i; _ 103:T  CopversionFactors . . v v w v e v s o v ., e e e 17 el Errorat 1.0 m
SO 104:I  Factors for Computing Control Chart Lines .., ... ..... . 26 Ll 4171  Precision and A«
W U 10411 Data and Computations for Construction of Example T 41701 Precision and Bi:
l e 27 . 41700 Preparation of Pe
ERY 104:IIT Moving Average and Range Table (n 2) e o a.. 28 — -Visual-Determ
. EL -To4: IV Conductivity Factors of Ions Commonly Found in Water . . .-. 32 420:1 . Precision and Ac
. ; 105:F Summary of Special Sampling or Handling Requirements . . . . 38 Kjeldahl Proc:




3
3
3
"
2
3
7
7

PaGE
107:1  Routine and Special Determination on Industrial Water Samples 45

203:1 Constant A as Function of Water Temperature , ,
203:I1 Constant B as Function of Total Filtrable Residue . ., .

203:T11 Logarithms of Calcium lon and Alkalinity Concentrations . . .

204:1  Selected Ordinates for Spectrophotometric Color Determinations

204:11 Color Hues for Dominant-Wavelength Ranges . , . . . ..
205:1 Conductivity of Potassivm Chioride Solutions at 25 C*
206:1 Coefficient of Variation and Recovery for Particulate Floatables
Test e
207:1 Threshold Odor Numbers Correspondmg to Varjouns
' Dilutions ;
Dilutions for Various Odor Intensmcs e
" “Values for Converting Hydrometer Readings at Certain
Temperatures to Density at 15C
210:10 Corresponding Densities and Salinities , . .

TR Conversion of Chloresity, Cl,, at 20 C to Chlerinity, T %o .

210:TV  Conversion of Chlorosity 1o Salinity . . . .
Temperature Correction Factor . .. .. ..
Graduation of Candie Turbidimeter . . . . .

Atomic Absorption Concentration Ranges with Conventional
Flame Atomizer

Precision and Accuracy Data for Atomic Absorpiion Methods

Maximum Concentrations of Interferences Permissible with
“Various Inhibitors* ' e

Selection of Light Path Length for Various Iron
Concentrations . . . . .

Selenium Recoevery in the Presence of Bromide and Iodide
Interference .. ........

Concentration at which Various Ions Intcrfere in the
Determination of Vanadium e e .
Alkalinity Relationships . . .. . ... ... ... ......

Preparation of Semipermanent Crystal Violet Standards for
" Visual Determination of Residual Chiorine
Concentration of Interfering Substances Causing 0.1 mg/L

Error at 1.0 mg F/L in Colorimetric Methods .
Precision and Accuracy Data for Ammonia Methods . . .
Precision and Bias of Ammonia-Selective Electrode , . . . . 354
Preparation of Permanent Color Standards for

Visual Determination of Ammonia Nitrogen . . . . . . . .

" Eprbe W"’"W“‘*ﬁﬁw‘ [Coite: e E’ﬁ

st

SERHERR " L

Precision and Accuracy Data T6F Orgarilc Nitrogeti; Macro-
Kjeldahl Procedure . . . ’




Firy Dn e

e 1 a0kl

o Rt b

et fe

T e TP

TABLE OF CONTENTS

Page

421:1 Solubility of Oxygen in Water Exposed to .Water-Saturated

-----------------------------

423:1 ‘Preparatjon of pH Standard Solutions . . .. . ... .. .. 405
423;11 Standard pH Values Assigned by the National Bureau of
Standards . . .. .. Lo e 407
424:1 Precision and Accuracy Data for Manual Phosphorus
Methods . . . .. . . 0 i i i s et e e e 419
424:11 Comparison of Precision and Accuracy of Ascorbic Acid
: Methods . . .. ... .. i i it et e s e 421
425:1 Selection of Light Path Length for Various Silica Concentra-
HOMS . v v v s e e e e e e e e e e e e e e e 431
425:11 Preparation of Permanent Color Standards for Visual
Determinationof Silica . . . ... ... .. ... ...... 431~
427 I Values of pK', Loganthml of Pracncal ]omzat:on Constant

......................

506:1 Concentrations of CCE-m in Various Classes of Water

Organohalides

.........................

702:1 Usual Distribution of Common Radioelements between the

Solid and Liquid Phases of Wastewater

----------

J705:1 Chemical and Radiochemical Cornposition of Samples Used to
Determine Accuracy and Precision of Radium 226 Method 580
706:1 Factors for Decay of Radon 222, Growth of Radon 222 from

Radium 226, and Correction of Radon 222 Activity for Decay
During Counting

L I T N I S

801:1
801:11

Recommended Composition for Reconstituted Fresh Water . 627
Quantities of Reagent-Grade Chemicals to be Added to Aerated

Soft Reconstituied Frésh Water for Buffering pH

.....

itz .-'\'..E-'-J")xvl.!-'i-vﬁr R

902:1

506:11 Replicate CCE-m Analyses from Differently Exposed Activated - 002:11.
i CarbomSamples ... ......... ... .c0..... 481 902:111
508:1 © Reagent Quantities and Normahtles for Various Sample Sizes 492 . 9023V
509:1 Retention Ratios of Various Qrganochiorine Pesticides Relative 902V
' WAIAEN v v v e e e e e e e e e e 500 902:V1
50911 Precision and Accuracy Data for Se]ccted Organochlonne 9(52:VII
Pesticides . . . . .. ... ... 0 il 501 902:VIII
510:1 Typical Operating Conditions for Chromatogmphlc ’ 902:1X
o Columns . ................. e e 516 T oeX
510:10 Chromatographic Retention Times . . . . ... ....... 519 L 905:1
510:JI1 Comparison of Phenolic Analytical Procedures .. . . ... . 520 T 9081
510:V  Gas-Liquid Chromatographic Procedures for Phenols in '
AQUeoS SYSIEIMS . & . . v v v vt e e e e e e e 521
514:1 Single Operator Precision and Accuracy for Selected

Procedure for
Macronutrier
Micronutrien
Nutrients for
Percentage of
Experimental
to Probit A
Composition ¢
" for Adultar
Recommende
Freshwater
Test (Evansvi
Cycle .

Temperature’

Test Photope

Quality of Pw
Reagent Addi
Time and Ter
Holding Time
Control Cultw
Calculation ft
Daily Checks
Coliform Cou
Comparison ¢
Comparison ¢
Preparation o

-MPN Index a:

binations ©.
Portions A
MPN Indexa.
Combinatic
UsedperD
Suggested Sa
Test .
95% Confider
" 100-mL Sa
Suggested Sa:
_ Test ...
Interpretatiof
General Macr.
Medium

Special Rapic



Procedure for Preparing Reconstituted Seawater .
Macrdnﬁtrient Stock Solution
" Micronutrient Stock Solution . . ..
Nutnents for Algal Cuiture Medijum in Seawater
Percentage of Ammonia Un-ionized in Distilled Water*
Experimental Data from Hypothetical Toxicity Test Subjected
to Probit Analysis . Ce
Composition of Algal Diet and Recommended Concentrations
for Adult and Naupliar Feeding and Egg-Laying . . . . . . 669
Recommended Prophylactic and Therapeutic Treatments for
Freshwater Fish . 728
Test (Evansville, Ind.) Photopenod for Brook Trout, Parual Life
Cycle . ........ R 3 |
Temperature Regime for Brook Trout Life Cycle Tests . 732

Test Photoperlod for Fathcad Minnow Life Cycle Tests . .. 735

Quality af Purified Water Used in Bacteriological Testing - . . 753
Reagent Additions for Water Quality Test . . . . L. 756
Time and Temperature for Autoclave Sterilization . . .. 762
Holding Times for Prepared Media . . : 763
Control Cultures for Microbiological Tests . . . ... .. 764
Calculation for Precision Criterion . 764
Daily Checks on Precision of Duplicate Counts . . 765
Coliform Counts and Their Logarithms . , ., . . . .. 766
Comparison of Frequency of MPNData . . . . . . — Y
Comparisen of Frequency of Log MPN Data 767
Preparation of Lauryl Tryptose Broth . . . ... ... R b1
MPN Index and 95% Confidence Limits for Various Com~
bipations of Positive and Negatlve Resnits When Five 10-mL
Portions Are Used .
MPN Index and 95% Confidence Llrmts for Va.nous
Combinations of Positive Results When Five Tubes Are
Used per Dilution (10 mL,, 1.0 mL, 0.1 mL)
Sugpested Sample Volumes for Membrane Filter Total Coliform
Test .. ...... .. 810
95% Confidence Limits for Membrane Filter Results Usmg a
IOO-mLSample
Suggested Sample Vo]umes for Membrane Filter Fecal Cohform
Test . .. ... .
Interpretation of IMViC Reactions -. . .
General Macroscopic Properties of Bacterial Colonies on Solid
Medmm

FR

CFR T TN et 1)
g T e

e

L i pdarp e 13 |

[} et

~ aoruon v

I




xhii . ) TABLE OF CONTENTS

b ) . Pagg
5 ; 1002:1 Conversion Table for Membrane Filter Technic . . ... .. %43 ™ 326:1 Graphical meth
: 1003:1 Sample Calculation Ledger for Computation of Corrected Rate .

406:1 Nemograph fot

406:2 Nomograph fo!

i of Oxygen Change from a Single-Station Diurnal Curve . . 978
406:3 Nomograph for

- . 1003:11 Sample Calculation Ledger for Computation of Corrected Rates
of Oxygen Change from the Upstream-Downstream Diurnal

i Curves of Oxygen Concentration and Temperature ., . . . 979 406:4 Nomograph f?—

. | 407:1 Example of dif’
:i 407:2 Flowscheme
l | FIGURES 410:1 Chlorine dioxic
-:' | 412:1 Cyanide distilk:
i 413:1 Direct distiliati
: l 104:1 Gaussian or normal curve of frequencies . . . . . .. ... 19 413:2 Fluoride manif
’ ’ : 104:2 Example of least-squaresmethod ., . . .. ... . ... X | 4171 Ammonia man
2 : 104:3 Controlcharl . .. ... vu v vunon.. e UTESE T 417:2  Ammonia man

- 304:4 - Control chart for copper a.nalys:s data given in example . .. 25 ._ ! ] . _..Reductlon coh
104:5 - Multiple samplecomrol chart . .. .5 .. ... c.o2s e 418:2 Nitrate-nitrite
104:6 ZRCBAM  » v ot et e e e e e e 2 418:3 Nitrate-nitrite
! 104:7 Control chart for anion-cation balances . . . . .. .. P §i 420:1_ . Micro kjeldah
: 104:8 Control chart with transformed fimits . . ... ....... 3] 42101 DO and BOD:
i 106:1 Ton-exchangecolumn .. ... ....... " &
H 107:1 Cooling coils for boiler water sampling . . . . . . c e . 46 421:2 Effect of temp
3 .k 421:3 The salting-ou
i 204:1 Filtration system for color determinations . . . ... ... 63 421:4 . Typical trend
ig,, 204:2 Chromaticity diagrams . . . . ..., ... ... . 65 424;1' Steps for anal
l 206:1 Floatables sampier with mixer . ,......... T 424:2 Phosphate ma
% 206:2 Floatables fiotation funnel and filter holder . . .. .. ... 75 424:3 Phosphate ma
By 206:3 Flotation funnels and mixingunit ". . . . ... .. ... .. 75 425:1 ° Silica manifol
' 206:4 One-liter capacity floatable ailtube . . .. .. .. .. cee TI 42601 Sulfate manif
207:1 Odor-free water generator . .. ', . ... .. R 3| 427:1 Analytical flo
K 207:2 End assembly of odor-free-water generator e e e e g1 4272 Proportions o
213:1 Schematic diagram of settling vessel for sindge volume test . 127 - : .
. o . N . 502:1 Combustible-
213:2 Schematic diagram of settling vessel for zone settling rate . .
LESE v b e e R s04:1 Volatile-acid
‘ 506:1 Schematic of
303:1 Schematic arrangement of equipment for determination of . 506:2  Miniature CA
. arsenicand SElelDm . . .. L . i e e e e e e e e .. 162 509:1 Results of gas
303:2 Schematic arrangement of equipment for measurement of . pesticides
mercury by cold vapor atomic absorption technic . ... 165 509:2 Resuits of gas
306:1 Correction curves for estimation of alumninum in the presence of . . pesticides
fluoride- ... ........ , e e s e .. 172 509:3 Chromatogra:
307:1 Arsine generatorand absorber assembly D 2 509;4 - Chromatogra
307:2 Generator used with mercuric bromide stain method . . . . 509:5 Results of gas
323:1 Distillation apparatus for ammonia, phenol, selenium, and . phenoxy ac
. fluoride determinations . . - » -+ . o v @+ e 510:1 Untitled (gas

ey FRRY P VT | AT S O LSRR SRATE W



{ITENTS

PaGe
. 948

)

)
ates
1al

Graphical method of computing strontivm concentration . .

Nomograph for evaluation of hydroxide ion concentration
Nomograph for evaluation of bicarbonate alkalinity
Nomograph for evaluation of carbonate aikalinity . . . . .
N omogl"'aph for evaluation of free carbon dioxide content
Example of differential titration curve (end point is 25.5 mL)
Flow scheme for automated chloride analysis . . . . . .
Chiorine dioxide generation and absorption system . . . . .
Cyanide distillation apparatus . . . .. ... ... .....
Direct distillation apparatus for fluoride . . . . ... ...,
Fluoridemanifold .. ... ... ... ........ .
Ammonia manifold for Automated System1 ... ... ..
Ammonia manifold for Automated SystemII . . ... ...
Reductioncolumn . ., .. . ... e
Nitrate-nitrite manifold for Automated System1 . . .., ..
“Nitrate-nitrite manifold for Automated System1 . . ., ..
Micro kjeldahl distillation apparatus . .., ... ... ..
DO and BOD samplerassembly . . .. .. ........ ",

Effect of temperature on electrode sensitivity . , . . . . . .
The salting-out effect at different temperatures . . . . . ..
Typical trend of effect of stirring on electrode response . .

Steps for analysis of phosphate fractions . . . .. ... .,

xliii

PacE
236

264
265
266
267
274

Phosphate manifold for Automated System® . .. .. ... _

Phosphate manifold for Automated SystemII . . .. .., .. '
Silicamanifold . . . . ... .. e e e e
Sulfatemanifold . . . . . . . .. . e

" Analytical flow paths for sulfide determinations . . . . .. .

Proportions of H,5 and HS- in dissolved sulfide . . . . . .

Combustible-gas indicator circuit and flow diagrams
Volatile-acid distillation apparatus . . . ... .. ... ..
Schematic of miniature CAM sampler, Model A . . . .. .
Miniature CAM sample column assembly . . .. ... ...
Results of gas chromatographic procedure for organochiorine
pesticides . . ............... e e
Results of gas chromatographic procedure for organochlorine
pesticides . .. ... ... ... .. .. . ...,
Chromatogram of pesticide mixture .. ... ... .. ..
Chromatogram of pesticide mixure . . .. ... ... ..
Results of gas chromatographic procedure for chiorinated
_ phenoxy acid herbicides , . . . . e e e e e e e
Untitled (gas chromatography graph) . .., ... ......

R TERRRE FhR R cdB

Tl

Sl e

R




TABLE OF CONTENTS

Rty

Page
510:2 Untitled (gas chromatography graph) . . ... ... ... . 517
\ 510:3 Untitled (gas chromatography graph) . .. .. ... . ... 517
{1 1) 510:4 Untitled (gas chromatography graph) . . ... ... .. <. 518
* 510:5 Untitled (gas chromatography graph) . ... ... ... S. SIB
i 5I1:1 Gas collectionapparatls . . v . .« s o v o0 o n e a c. 54
i ) 512:1 Carbonadsorptiontube . . . ... .. 0 ..ot oa. 53
qoe 514:1 Removal of volatiles from the sample . . .. . .. . .. 539
‘ 514:2 Transfer of trapped volatiles to chromatographic column .. 53
4i 514:3 Separationofthevolatiles . . . .. .. .. ....... + . 539
i ' 514:4 Purgingdevice . . . . . .. ..o oL . . 1
ol 514:5 TIBD « v v o e et et e e e 54D
NI 514:6 - OptionaidesorberNo.1 . .. .. ... .. .
. i‘;"‘ 514:7 OptionaldesorberNe. 2 . . . . .. .. .- oas 541
2o - -- - 3148 -~ Acomplete purge-trap system (purge-sorb mode) gt s 342
A 514:9 A complete purge-trap system (desorbmode) . . . ... .. 543'
: S 514:10 Trap and desorber for complete purpe-trap system . . . . . 544
514:11  Chromatogram of organohalides—analytical column . . . . 545
i 514:12 Chromatogram of organohalides—confirmatory column . . 546
'“L ' _ 701:1  Shape of counting rate-anode voltage curves . . . ... .. 563
HEH 704:1 " Yttrium 90 vs. strontium 90 activity as a function of tlme -
LNFY 706:1  De-emanation assembly . . . . . e e e 550
i ' - T710:1 Distiliation apparatus for jodine analySls S 1§
801:1 Holding tank design for fish and macroinvertebrates . . . . 626
801:2 ‘Algal cujture unjts . . . . . e e e e e T 11
-801:3 Method of lighting, free-standing frames, and placement of
medium source, air pumps, and other apparatus for mass algal
culture device .. .. ... e e e e e 631
801:4 Basic components of flow-through system . . ... .... 634
801:5 Examples of median lethal concentration determinations at two
representative times by probit analysis and the line of best
fit ..., e e e s . e e e 642
801:6 Toxicity curve, drawn from LC 50's determmed in
Figure 80115 . . . o o o v o e e e e e e e e 644"
804:1 °  Algalculture system . . . . ., .. e e NN 667
804:2 Apparatus for mass copepod culture (static) . o . ... ... 669
804:3 Apparatus for mass copepod culture (flowing) . . ... .. 670
804:4 Generation cage (after Heinle} . . . . . . e e e e 671
. 807:1 Rearing and exposure beaker and automatic siphon for .
dungeness crab larvae .. ... ..o ... 650
$07:2__ Epg-hatching tank forlobsters . . . ... ... ... ..
E 1!; 807:3 Hughes lobster-rearingtank . . . .. ... . .« ...
Py 809:1 Diagram of constant-flow apparats . . . . .« » w . ... 719

[E———
SRS

oy

. 'lP"
=7

B e S A
T
Frea

P
T

e

S

& B

Frequency cin
Preparation of

.Schematic bu!

Schematic on
Schematic ou
Giardia samp
Giardia samp
Schematic of
Two-stage mb

concentrati
Bacterial cola

colony typt
Life cycle of s
Filaments of ¢
shape of ce

* Filaments of

filaments a
Laboratory ¢
stalks excre

" have divid
Mixture of fr:
inorganic i
from wells
Single-celled
Photosynthe

" Coloriess fil:

Colorless fil:
Colorless né

Structural fe
(left) and
Piankton sa
High-speed
. samples
Ocular mict
Calibration
Counting ct
Periphyton
Component
of 2 hypc
day . ..

003:3—Cr ossperip

O’Conne



o021 Freguency curve (positively skewed distribution)
907:1 Preparation of dilntions
908:12  Schematic outline of presumptive and confirmed tests . . . .
908:1b Schematic eutline of completed test .
oji:1 Schematic outline for identification of fecal strcptococm .. B2
912:1 Giardia sampling device schematic . . . .. 843
912:2 Giardia samplingdevice . . . ... ... fe e .. B43
913:1 -Schematic of apparatus for first-stage concentration . , . . 855
013:2  Two-stage microporous filter adsorption-elntion method for
concentrating viruses from large volumes of water . . . . 859
916:1 Bacterial colonies—typicai colony type vs, acnnomycete
. colony type 50x . 885
917:1 Life cycle of nematodes . 888
918:1 °  Filaments of Crenotbrix polyspora showing variation of size am!
- -.Shape of cells within the sheath .. .- 7 ST .. 912
. D182 Filaments of Sphaerotilus rarans, showing cells within the
. filaments and some free “'swarmer’cells . . ..., ... 913
. 918:3 Laboratory culture of Gallionella ferruginea, showing cells,
stalks excreted by cells, and branching of stalks where cells
have divided ) &
" 918:4 Mixture of fragments of stalks of Gallionella ferruginea and
inorganic iron-manganese precipitate found in natural samples
. from wells .
918:5 Single-celled iron bacterium Siderocapsa treubii’
 918:6 Photosynthetic purple sulfur bacteriaz
. 918:7 Coloriess filamentous suifur bacteria . .. ... .
. 918:8 Colorless filamentous sulfurbacteria ., . .. ..
' 918:9 Coloriess nonfilamentous sulfur bacteria

Structural features of common water samplers, Kemmerer
(left) and Van Dorn (right) . .
Plankton samplingnets . . . . . .
. High-speed oceanographic and/or quantxtanve zooplankton
Samples . ... ... ...
Ocular micrometer ruling
_ Calibration of Whipple Square
Counting cell (Sedgwick-Raftér) -,
Periphytonsampler . ...........
Component processes in the oxygen metabolism of a section
" of a hypothetical stream during the course of a cloudless

Gross periphytic prim xgroducnon,(fc)d.eicmmed-by the——"
O’Connell-Thomas Chamber




B2iiy b

i

T e e

e o
= igdi
b 2 I

i)

{
e

B TR Y

et
e

[

WREL L

e T - _

= oms g o . . -

FRi b IR 3
- N .

xlvi

1003:4 Calculation of gross primary production at a single station
1003:5 Calculation of gross periphytic primary productivity from

1004:1 Qsborne aquatic plant sampler . . . .. . . . oL
1004:2 Operation of Osborne aguatic plant sampler . . . . . . ..
1005:1 PODATEIAD . v 4 v v v v s e o e v e e e e e e e e e
1005:2 Orangepeelsampler ... . . . . . . o v v v i v v v v o
1005:3 PelerSengrad . . . . v .t v v i e
1005:4 Smith-McIntyregrab . . . . . .. ... .. oo,
1005:5 Shipekgrab . . . ... .. e e
1005:6 . Ekmangrab ... ........ e e .
0057 Surber or square-foot sampler ... . ... 4.
1005:8 Phleger core sampler . . . . . e e e e e e e e e e
1005:9 ~  Wilding or stovepipesampler . . . ..........7..
1005:10 Driftnetsampler . . ., .. .. ... .. ... e e e e e
10035:11 Multiple-plate or Hester-Dendy sampler . .. .. ... ..
1005:12. Basketsampler . . ... . .. 4 v,
1006:1 Some types of nets: A—gilinet; B—trammel net; C—Fyke or
hoopnet; D~ottertrawl . . . . . .. v . oo b o v ot

upstream-downstreamdiurnalcurves . . . . . . . . . .

PLATES

Black and White plates of aguatic organisms

o0 <3 on th LS R e

s
ol + ol w RPN

. Blue-green algae: Coccoid (Phylum Cyanophyta) . . .. ... ...
. Blue-green algae: Filamentous (Phylum Cyanophyta) . . . . . .
. Nonmotile green algae: Coccoid (Phyium Chiorophyta) .. . . . . . .
. Nonmotile green algae: Filamentous (Phylum Chlorophyta} .

. Diatoms: Pennate (Phylum Chrysophyta, Class Bacﬂianophyceae)
. Diatoms: Centric (Phylum Chrysophyta, Class Bacillariophyceae)

. Types of larger marine algae {green, brown, and red) ........
. Higher plants: Floatingplants . . . ... ... ... ... ...
. Higher plants: Submersed (all forms illustrated are Spermatophytes)
. Higher plants: Emersed (all forms illustrated are Spermatophytes)

. Pigmented flagellates: Single-celled (various phyla). . . . . . . ..
. Pigmented fiageliates: Colonial types (varicus phyla) . . . . . :
. Nonpigmented fiagellates (Phylum Protozoa) .. .. .

. Amoebas (Phylum Protozoa). (2) Amoeboid stages, (b) ﬂagcllated

.......................

16.
. Rotifers (Phylum Rotatoria) .. ...... e e e e e e e .

MO W

......................

Sponges (Phylum Porifera) and Bryozoans (Phylum Bryozoa)

. Roundworms (Phylu

Flatworms (Phyium
Annelida) .

. Crustaceans (Phylun

cladocerans (Order

. Crustaceans (Phylun

types . . . . . .

. Types cof insect pupr
. Stoneflies (Order Pir
. Mayfiies (Order Eph
. Damselflies, dragoni
. Hellgrammite and re
. Caddisfiies (Order T
JTwo-winged flies (O
. Two-winged flies (O
. Beeties (Qrder Cole:
. True bugs (Order He
. Mollusks (Phylum M
. Mollusks (Phylum
. Echinoderm types (!
. Miscellaneous inver
.. Some types of fishes
. Types of amphibian.
. Bacterja and Fungi

Color plates of blue-grees

. Taste and odor algae

Filter clogging algae
Polluted water algae
Clean water algae

Plankton and other:
Algae growing on re




-.v

AB,_E OF CONTENTS Xivi

prert -

‘ . PAGE
. Roundworms (Phylum Nemathelminthes) . . 1044
; Flatworms (Phylum Platyhelminthes) and segmented worms (Phylum
Annelida) .
Crustaceans (Phylum Arthropoda, Class Crustacea) Types of
cladocerans (Order Cladecera) . .. .. ... .. ... ... ... 1046
21. Crustaceans (Phylum Arthropoda, Class Crustacea); Selected common

Types of insect pupae
Stoneflies (Order Plecoptera) .
. Mayfiies (Order Ephemeroptera)
Damselfiies, dragonfiies (Order Odonata)
. Hellgrammite and relatives . ., . . .
. Caddisfiies (Order Trichoptera)
. Two-winged flies (Order Diptera) .
. Two-winged fiies (Order Diptera} . . . .
Beetles (Order Coleoptera) . ... ......
. True bugs (Order Hemiptera, all aduits) . . . .
. Molusks (Phylum Mollusca): Snails (Class Gastropoda)
. Moliusks {Phylum Mollusca): Bivalves (Class Pelecypoda)
. Echinoderm types (Phylum Echinodermata, all marine) . .
. Miscellaneous invertebrates
. Some types of fishes (Phylum Chordata)
37. Types of amphibians (Phylum Chordaia, Class Amphxbxa)
38. Bacteria and Fungi . .

Color plates of blue-green algae (unpaginated special color section)
. Taste and odor algae . . . . .. Follows 1072
. Filterclogging algae . ... ... . e esse+.., Follows 1072
Polluted water aigae . . , . . . - .. . Follows 1072
Clean water algae . . . e . . ... Follows 072
Plankton and other surface water algae . : . Follows 1072
Algae growing on reservoirwalls . . . . .. Faollows 1072




STRAVUDARD AMETHOO S
The Ex Am rned rons {2

N ATER A W ASTE

101  APPLICATIONS

; ‘c procedures described in these stan-
= i are intended for the examination of
wm of a wide range of quality, includ-
-watcr suitable for domestic or industri-
Supplies, surface water, groundwater,

3 s '[mg or circulating water, boiler water,
er feed water, and treated and un-
1ed -~municipal or industrial waste-

af: The unity of the fields of water sup-
-n:ce:vmg water gquality, and waste-

s "enreatment and disposal is recognized
resenting methods of analysis for each

timient ift 2 SIngle section for all types ~

‘tcrs v
Febiey a.nd where aiternative methods are

eessary for samples of different compo-

s"“for selecting the most appropriate
“ :netlibd However, samples with extreme

positions may present difficulties that pre-
clude the direct use of these methods.
‘Hence, seme modification of a procedure
may be necessary in specific instances.
Whenever a procedure is modified, state
plainly the nature of modification in the
report of results,

Certain procedures are intended for use
with sludges and sediments. Here again,
the effort has been to present methods of
the widest possible application, but when

chemical sludges or sturries or other sam-

ples of highty unnsual composition are en-
countered, the methods of this manual
may reguire modification or may be in-
appropriate.

The analysis of bulk chemicals received
for water treatment is not included herein.
A committee of the American Water
Works Association prepares and issues
standards for water treatment chemicals.

TECHNICS

ce to alkali attack, low boron con-

r exclusion of light. Choose stop-.

'pers, caps, and plugs to resist the attack of
material contained in the vessel. Cork
stoppers wrapped with a relatively inert

-metal foil are suitable for many samples.

Metal screw caps are a poor choice for,
samples that will cause them to corrode
readily. Glass stoppers are unsatisfactory
for strongly alkaline liquids because of
their tendency to stick fast, Rubber stop-
pers are excellent for alkaline liquids but
unacceptable for organic solvents, in
which they swell or disintegrate. Use

7
3 %
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Examination of Water and Wastewater™
* tical methods. for-which no equivalent methods are found in the Fifteenth

INTRODUCTION:

This “Supplement to the. Fifteenth Edition of Standard Methods for the

Edition of Standard Methods for the Examination of Water and Wastewater

(Standard Methods), and which may ‘be of use in complying with certain re~

quirements of the National Pollution Discharge Elimination System (NPDES)

regulations and the. National Interim Primary Drinking Water Regulations. .

promulgated by the U.S. Environmentat Protection Agency (EPA).. . -

‘EPA’s regulations which approve and cite analytical water methods were_; =
promulgated prior to the publication of the Fifteenth Edition of Standard _'
Methods, and therefore-cite methods in the Fourteenth Edition. Many methods..

of analysis not included in the Fourteenth Edition, but required by EPA’s

regulations; have now been included in the Fifteenth Editien of Srandard -

Methods, and it is expected that these methods will be approved and cited by
EPA in the next revision of these regulations. . ...

This. Supplement provides information on-analytical methods cited in regula-

tions contained in Title 40 of the Code of Federal Regulations (C.F.R., July 1,
1980 ed.), primarily Part 136 (the’ NPDES regulations approving water

51
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* methods) and Part 141 (the safe.drinking water regulations). One of the several
tables prepared by the Editors of the Supplement presents a listing of all the
Federal regulations of EPA and other Federal agencies as of DeccmberBI 1980
-wwhich refer to water methods.

‘Many of these regulations cite EPA’s Table I.—List of Approved Test Proce-
-dures, set forth at 40 C.F.R, §136.3, which cites approved water methods for
over 115 parameters, polintants, and characteristics. The entjre text of this

" ‘bagic regulation is presented in the Supplement.

The Government methods published by EPA which are included in the Sup-
plement have not been subjected to the rigorous consensus approval procedures
-used 1o develop the standards methods contained in the Fifteenth Edition of
Standard Methods. These Government methods are being presented -without
. :endorsement or:sanction by the sponsors of Standard Methods as.a-service to
the analyst. In addition, the publication of these.supplemental methods should
xot be construed.as approval of trade names cited by EPA or implied disap-

- proval of comparable uinlisted products. The mention of trade names or com-

~mercial “products in the Supplement .or the original EPA publications is for
. illustration purpeses.and does not constitute endorsement or. recommendation
for-use by EPA or -other agencies of the U.S. Govemmcnt or by Standard
Methods..

- ‘The: methods presented in -the Supplement include -metals, inorganic non-
.metals, organic.compounds, .and ‘radioactive metals. Table I is the -primary
-reference source for methods to beused in the analysis for pollutants. The term
“-pollutants™ is also used to define the maturally nccurring constituents of drink- - -
ing water. Fable ] as presented in the Supplement does ‘not include-any-of the . -

*, - .changes i a proposed rule issned by EPA in the Federal:Register on-December
"~ 3, 1979.(44 Fed. Reg. 63464573, as-corrected by 44 Fed. Reg. 75029-52 (Dec.

18, 1979)), because those regulations have not yet been promulgated:as:a final

. ule. When EPA promulgates.a revised version of Fable.T:in Part 136, it will

-approve and .citemethods in-the Fifieenth Edition. :
' The Editors of the Supplement have prepared five-tables, Tables A-E, to

- . assist.analysts jn nnderstanding EPA's TABLE I,he Federalregulations of ll .
L agencies . and the correlation ‘betwesn the Fourteenth and Fifteenth BEditions. -~ -

¥t should be noted .that.there ave-several stages-of method **approval™. The -
nﬁimalsoume -of approved methods:is the C.E.R.; but there are.eppreciable .~ =o .
dﬂiays in ‘incorporating changes into the C.F.R. Moreover; once ‘the final e~

-

urrent issue of the C.F.R. The stains of 2 now-method for reporting purposes~ - -
s best determined.by consultation-with the agency inyour.State exercising
“primacy in the enforcement of Statc or Federal: rcgulatmns
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; The sponsors of Standard Methods wish to acknowledgs the efforts of the - - -
i Consulting Editor of the Supplement, Robert E.. Mittendorff,. Esq., for- his ;

thorough research .of Federal regulations and Government water methods,.and by

preparation of the:various tabies. Mr. Mittendorff is an attorney in Washington, . [ .

D.C. who previously served. in the Office: of General Counsel of EPA. The . &

sponsors also wish to recogaize the diligent efforts of the Joint Editorial Board. i

for Standard Methods—A. E. Gresaberg, J.. J. Connors, D. Jenkins.and the . :q_ N .

Secretary, J. G. DeBoer, and most especially Mary ‘Ann H. Frapson, Managzing -
Editor of the Fifteenth Edition..

AT
)
-

e ) -
The sponsors of Standard Methods are pleased to. prov:de this Supplement : ~ LT
with the Fifteenth Edition of Standard Methods so that analysts can benefit b¥

from a single source. of analytical: methods for-the examination of water:and
wastewater. . '
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TEPA -Methods, March, 1979: See-the full title of the Government publication in footnote 2 of TABLE A.
_ Method numbers are those-in the Government publication as-neted.in TAELE A,
_ *Methods for Utanium svailable i a recent EPA priblication which is wot yetreferred 1o in40°C.F.R. Part 141
‘ Ser the full title of the Governvent publication in TABLE A, Footnote 8. :
IEPA Methods, 1974, -See-the full-title of the Government publication in footnote 1 of TABLE A. Page
-vefercoces are to the.locetion of the methods-in the Government publication as soted in TABLE A.
" EPA Interim Methods, September, 1978, Soe the full-title of the Government- publication in footnote 3 of
- TABLE A. Pagereferences are to the-locetion of the methods in the Government publication as noted in TABLES
A.Band C.
“3U.S. Geological Survey: wmtrmcmud Ser thefuil titte-of the Government publication in footnote'5 of TABLE
. C, Pape-reference is to-the location of the method in the Government publication-as noted in Table C.
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. Listed below are those standards included in these books and those standards that appeared
.. previously that have been discontinued within the past five years. Since the standards in these
« books are arranged in atphanumeric sequence, no page numbers are given in this contents.

__ The alphanumerical sequence in Part 25 is divided into three parts, separating the standards
I of Commitiees D-2, F-7, and general use standards (including D-32).

In the serial designations prefixed to the following titles, the number following the dash
indicates the year of original issue as tentative or of adoption as standard or, in the case of
revision, the year of last revision. Thus, standards adopted or revised during the year 1981 have
=22, gt their final number 81. A jetter following this number indicares morye than one revision during
that year, that is 81a indicates the second revision in 1981, 81b the third revision, etc. Standards
that bave been reapproved without change are indicated by the year of last reapproval in
‘parentheses as part of the designation number, for example (1981). A superscript epsilon
sadicates an cditorial change since the Jast revision or reapproval—el for the first change, 2 for
the second change, eic, - . :

ot ; ~ PETROLEUM PRODUCTS AND LUBRICANTS
Part 23

‘Test for Flash Point by Tag Closed Tester
Distiliation of Petroleum Products
Test for Melting Point of Petroleum Wax (Cooling Curve)
Test for Precipitation Number of Lubricating Oils
" “Test for Flash and Fire Poinis by Cleveland Open Cup
Test for Flash Point by Pensky-Martens Closed Tester '
— B0 ... Test for Saponification Number by Color-Indicator Titration
539570 (1980) Test for Water in Petrolenum, Products and Bitominous Materials by Distillation
3596~ 73 (1977) Tests for Water and Sediment in Crude Qils
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changed.
for use by agencies of the Depanument of Defense and, if indicated on the standard, replaces
Federal or Military document,
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ED 936~ 55 (1978)

T Although this standard has been officially withdrawn from Society approval, 2 brief description is included
for information only. . .

Contents, Parts 23, 24, 25, and 47

97-66 (1978) Test for Pour Foint of Petroleum Oils

" 127-63(1977) Test for Drop Melting Point of Petroleum Wax, Including Petrolatum

12864 (1977) Analysis of Lubricating Grease

126~ 64 (1978) Test for Sulfur in Petroleum Products by the Bomb Method

130 - 80 “Test for Detection of Copper Corrasion from Petroleum Products by the Copper Strip
Tarnish Test

Test for Saybolt Color of Petroleum Products (Saybolt Chromometer Method)

Test for Burning Quality of K.erosine

Test for Conradson Carbon Residue of Petroleum Products

216-77 Distillation of Natural Gasoline :

217-68(1978) Test for Cone Penetration of Lubricating Grease

219-36(1973) Test for Burning Quality of Long-Time Burning Oil for Railway Use (Discontinued
19751)

Test for Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb Method

270-65(1980) Sampling Petroleum and Petroleum Products

285~ 62 (1978) Distillation of Crude Petroleum .

287~ 67 (1977)% Test for API Gravity of Crude Petroleum and Petrolenm Products (Hydrometer
Method) '

‘Def. of Terms Relating to Petrolenr (Discontinued 1981%)

156 — 81
187 - 49 (1978)
139~ 81

240 - 76 (1980)

288 - 61 (1978)

32280 Test for Gasoeline Diluent in Used Gasoline Engine OQils by Distillation

323-79 Test for Vapor Pressure of Petroleum Products (Reid Method)

341 =77 Standard Viscosity-Temperature Charts for Liquid Petroleum Products .

381-80 Test for Existent Gum in Fuels by Jet Evapoeration '

396 - 80 Spec. for Fuel Oils

439-81 Spec. for Automotive Gasoline

44579 Test for Kinematic Viscosity of Transparent and Qpaque Liquids (and the Calculation
) of Dynamic Viscosity)

446 — 74 (1979)° Spec. and Operating Instructions for Glass Capillary Kinematic Viscometers (formerly

designated D 2515)

447 - 80
473-81
482 - 80
483 - 63 (1978)
484 - 71 (1976)
524-81
52580
565- 45 (1979)

Distillation of Plant Spray Qils

Test for Sediment in Crude and Fuel Oils by Extraction

Test for Ash from Petroleum Products

Test for Unsulfonated Residue of Petreleum Plant Spray Oils

Spec. for Hydrocarbon Drycleaning Solvents

Test for Ramsbottom Carbor Residue of Petroleum Products

Test for Oxidation Stability of Gasoline (Induction Period Method)

Test for Carbonizable Substances in White Mineral Oil (Liquid Petrolatum)

566 - 76 Test for Dropping Point of Lubricating Grease .
611-77 Test for Aniline Point and Mixed Aniiine Point of Petroleum Products and Hydrocarbon
Solvents .
612-45(1978) Test for Carbonizable Snbstances in Parafin Wax
64~ 81 “Test for Neutralization Number by Potentiometric Titration

665 — 60 (1977) Test for Rust-Preventing Characteristics of Steam-Turbine Oil in the Presence of Water
721 = 68 {1977} Test for Oil Content of Petrolenm Waxes

808 - 81 Test for Chlorine in New and Used Petroleem Products (Bomb Method)

811 -48 (1974) Chemical Analysis for Metals in New and Used Lubricating Oils

855 - 56 (1973)

by D 3712) .
873-80 Teszfor Oxidation Stability of Aviation Fuels (Potential Residue Method)
374 -794 Test for Sulfated Ash from Lubricating Oils and Additives
875-64 (1978} Calculation of Olefins and Aromatics in Petroleum Distillates from Bromine Number
and Acid Absorption ’
877~ 80 Test for Dielectric Breakdown Voltage of Insulating Liquids Using Disk electrodes

878~ 65 (1981) Test for Inorganic Citforides and Sulfates in Insulating Oils

892~ 74 (1979)® Test for Foaming Characteristics of Lubricating Oils

293 - 380 "Test for Insolubles in Used Lubricating Oils

910~ 81 Spec. for Aviation Gasolines

Test for Aromatic Hydrocarbons in Olefin-Free Gasolines by Silica Gel Adsorption
9371-77 Test for Cone Peneiration of Petrolatum

938~ 71 (1981) Test for Congealing Point of Petroletitn Waxes, Including Petrolatum

941 =55 (1978)% Test for Density and Relative Density (Specific Gravity) of Liquids by Lipkin Bicapil- _.

lary Pycnometer

e

“B 7T D 1088 - 53 (1978)

Analysis of Qil-Soluble Sodium Petroleum Sulfonares (Discontinued 19787—Replaced

Test for Oxidatior
Test for Oxidatior
Test for Interfacia
Test for Evaporar

§D 942-78

D 943-81

§D 971-50(1977)
§D 972- 56 (1981)

i
i
|
i Cente
]
%
H

§D 974 - 80° Test for Neutraliz

D 975-.81 Spec. for Diesel F

: D 976-80 Caleulated Cetane
DI0IS-79 Test for Freezing
D10i6-80 Test for Purity of

D 101751 (1978) Test for Benzene:
Spectrophotom.
Test for Hydroger
Test for Olefinic ¥
Test for Alpha Ac
Mixtures {Silve-
Test for Oxygen i1
Test for Peroxide
Test for Separatio
Test for Nonvolat
Test for Sodium i
Gaging Petroleurr
Measuring the Te:
Test for Boiling P
D 1089 - 59 (1978) Test for Carbonyl
gD 1091 - 81 Tests for Phospho
§D1092 - 76 (1981) Test for Apparent
. .- "D 1093 — 65 (1980)*' Test for Acidity o:
§D 1094 -72 (1977) Test for Water Re
D 1096 — 54 (1978)¢" Test for 1,3-Bunac
trophotometry
" DI1157-59(1978) Test for Total Inh

D1018- 81
§D 1019 — 68 (1978)
D 1020 - 61 (1976)

D 1021 - 64 (£976)

D1022-76

D 1023 - 52 (1976)

D 1025 - 52 (1976)

D 1026 - 51 (1976)
§D 1085 — 65 (1980)

D 1086 - 64 (1977)

§D1159-T1 Test for Bromine
L by Electrometri
= DI1i60=-77 Distillation of Pet

" D1168-61 (1977) “Tesiing Hydrocart
D1215-54 (1973) Spec. for Farm Tr
.D1217-81 Test for Density
Pycnometer
“D 1218~ 61 (1977)" Test for Refractiv
D1220-65(1980) Measurement and
§D 1250~ 80 Petrolenm Measur
gD 126155 (1977) Test for Effect of -
DI1262-81 ° Test for Lead in I
T gues — 61 (1981)" Test for Leakage "

= SD 126473 (1978)" Test for Water W
i D1265~77 . Sampling Liquefie
$D1266-80" " Test for Sulfurin
% DI267-7% “Test for Vapor Pre
e JD1275-67 (1981)  Test for Corrosive
- D 1298 - B0 Test for Density,

2y Petroleum Prod

JDI310-80 .  Test for Flash Poi

FOL3L3~ 54 (1980) Test fqtr) Sludge F
P N Bomb -

ot D317~ 64 (1978) Test for Chlorine
] DE318-- 64 (1978) Test for Sodium @i
-7 == Test for Hydroca:

i -~ Adsorption

”73 (1978) ™ Test for Tensils 51

i spectal nature of 1R Th
not included in this book, 1
bet will be published bg( the /
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§D 943-78
D 943-81
gD 971-50(1977)
§D 972~ 56 (1981)
§D 074 - 80¢
D 975-81
D 976-80
D 101579
D10i6-80 -
D 1017~ 51 (1978)

D1018-81
§D 1019 - 68 (1978)
D 1020~ 61 (1976}

D 1021 - 64 (1976)
D1022-76

D 1023 - 52 (1976) .
D 1025 - 52 (1976)
D 1026 - 51 (1976)
_§DI085 65 (1980)
D'1086 - 64 (1977)
D 1088 — 53 (1978)
T 1089 - 59 (1978)

§D1091-81
§D 1092~ 76 (1981)
D 1093 - 65 (1980
ED 1094 —72 (1977}
D 1096 - 54 (1978)¢

D 115759 (1978}
§D1159~77

E ..o D1160-77

“*_ D1168-61(1977)
< DI215-54(1973)
kst D217~ 81

§3 1261- 55 (1977)
D 1262 - 81 1
gD 1263 - 61 (1981
1264-73 (1978)'

127567 (1981)
plZQB 80
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Test for Oxidation Slabxhr.y of Lubricating Greases by the Oxygen Bomb Method

Test for Oxidation Characteristics of Inhibited Mineral Qils

Test for Interfacial Tension of Oil Against Water by the Ring Method

Test for Evaporation Loss of Lubricating Greases and Qils

Test for Neutralization Number by Color—lndlcator'r irration

Spec. for Diesel Fuel Oils

Caliculated Cetane Index of Distillate Fuels

Test for Freezing Points of High-Purity Hydrocarbons

Test for Purity of Hydrocarbons from Freezing Points

Test for Benzene and Toluene in 250°F and Lighter Petroleum Products by Ultravmlct
Spectrophotomerry (Discontinued 19807)

Test for Hydrogen in Petroleum Fractions

Test for Olefinic Plus Aromatic Hydrocarbons in Petroleum Distillates

Test for Alpha Acetylenes in Butadiene, Butadiene Concentrates, and Butane-Butene
Mixuwures (Silver Nitrate Method)

Test for Oxygen in Light Hydrocarbon Vapors {Intent to Withdraw)

Test for Peroxide Content of Light Hydrocarbons

Test for Separation of Residue from Butadiene

Test for Nonvolatile Residue of Polymerization Grade Butadiene

Test for Sodium in Lubricating Oils and Additives (Gravimetric Methed)

Gaging Petroleum and Petroleum Productsi

Measuring the Temperature of Petroleum and Petroleum Products}

Test for Boiling Point Range of Polymerization-Grade Butadiene

Test for Carbonyl Content of Butadiene .

Tests for Phosphorus in Lubricating Oils and Additives

Test for Apparent Viscosity of Lubricating Greases

Test for Acidity of Distillation Residues or Hydrocarbon Liguids

Test for Water Reaction of Aviation Fuels

Test for 1,3-Butadiene in Cy and Lighter Hydrocarbon Mixtures by Ultraviolet Spec-

- trophotometry

‘Test for Tetal Inhibitor (TBC) Content of Light Hydrocarbcns

Test for Bromine Number of Petroleum Distillates and Commercial Aliphatic Olefins
by Electrometric Titration

Distillation of Petroleum Products 2t Reduced Pressures

Testing Hydrocarbon Waxes Used for Elecirical Insulation

Spec. for Farm Tractor Fuels (Discontinued 19797)

Test for Density and Relative Density (Specific Gravity) of Liguids by Bingham
Pycnometer

Test for Refractive Index and Refractive Dispersion of Hydrocarbon Liquids

Measurement and Calibration of Upright Cylindrical Tankst

Petroleum Measurement Tables

Test for Effect of Grease on Copper

Test for Lead in New and Used Greases

Test for Leakage Tendencies of Automotive Wheel Bearmg Grcases

Test for Water Washout Characteristics of Lubricating Greases .

Sampling quueﬁed Petrolenm (LP) Gases

" Test for Sulfur in Petroleum Products (Lamp Method)

‘Test for Vapor Pressure of Liquefied Petrelenm (LP) Gases (LP-Gas Method)

Test for Corrosive Sulfur in Electrical Insulating Oils

Test for Density, Relative Density, or AP1 Gravity of Crude Pctrolcum and Liquid
Petrolerm Products by Hydrometer Method .

Test for Flash Point of Liquids by Tag Open-Cup Apparatus

Test for Sludge Formation in Mineral Transformer Oil by High-Pressure Oxidation

. Bomb

Test for Chlorine in New and Used Lubricants {Sodium Alcoholate Method)

-Jest for Sedivm iz Residual Fuel Qil (Flame Photometric Method)

" Test for Hydrocarbon Types in Ligquid Petroleum Products by Fluorescent Indlcamr
Adsorption

the special nature of this method it is of interest to 2 limited number of vsers of this book; it is, .
g Bof incuded i his bookott-will-not-be-published by -the .American.Society for Testing-and——-
bwt will be published by the American Petroleum Institute. Separate copies will be available from

Bicapii: _

ncluded '
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D 132176 (1981) Test for Needie Penciration of Petroleum Waxes
§D 1322-75(1980) 'Test for Smoke Point of Aviation Turbine Fuels
§D 1323 - 62 (1973) Tests for Mercaptan Sulfur in Aviation Turbine Fuels (Amperometric and Potentio-
metric Methods) (Discontinued 19801)
D 1367 - 64 (1978) Test for Lubricating Qualities of Graphites
D 1368 - 64 (1978) Test for Trace Concentrations of Lead in Primary Reference Fuels
D 1401 - 67 (1977)" Test for Emulsion Characieristics of Petroleum Oils and Synthetic Fluids
D 1402~ 58 (1977) Test for Effect of Copper on Oxidatien Stability of Lubricating Greases by the Oxygen
Bomb Method ] :
D 1403 - 69 (1980) Test for Cone Penetration of Lubricating Grease Using One-Quarter and One-Half
Scaie Cone Equipment .
D 1404 - 64 (1978) Estimation of Deleterjous Particles in Lubricating Grease
8D 1405 - 64 (1977) Estimation of Net Heat of Combustion of Aviation Fuels
D 1406 — 65 (1980) Liquid Calibration of Tanks} :
D 1407 - 65 (1980) Measurement and Calibration of Barge Tanksg
D 1408 - 65 {1980) Measurement znd Calibration of Spherical and Spheroidal Tanks}:
D 1409 - 65 (1980) Measurement and Calibration of Tank Car Tankst
D 1410~ 65(1980) Measurement and Calibration of Stationary Horizontal Tanks}
D 1465 ~ 80 Test for Blocking and Picking Points of Petroleum Wax

§D 1478 - 80 ‘Test for Low-Temperature Torque of Ball Bearing Greases
D 1479 - 64 (1978) Test for Emulsion Stability of Soluble Cutting Oils
I»3480- 81 Test for Density and Relative Density (Specific Gravity) of Viscous Materials by
. ' Bingham Pycnometer i
D 1481~ 81 Test for Density and Relative Density (Specific Gravity) of Viscous Materials by Lipkin
Bicapillary Pycnometer

8D 1500~ 64 (1977) Test for ASTM Color of Petroleum Products (ASTM Color Scale)

D 1548 - 63 (1978) Test for Vanadium in Navy Special Fuel Oil
D 1549~ 64 (1978) Test for Zinc in Lubricating Oils and Additives {Polarographic Method}
D1550-64(1978) ASTM Butadiene Measurement Tables

8D 155279 Test for Sulfur in Petroleum Products (High-Temperature Method)
D553 - 64 (1978) Analysis of Graphites Used as Lubricants )
2155573 (1978) Calculation of Volume and Weight of Industrial Aromatic Hydroearbons

D 1655~ 81 Spec. for Aviation Turbine Fuels
D 165781 Test for Specific Gravity of Light Hydrocarbons by Pressurc Hydrometer
D 1658~ 80 Test for Carbon Number Distribution of Aromatic Compounds in Naphthas by Mass

Spectrometry
D 1659~ 65 (1975) Test for Maximum Fluidity Temperature of Residual Fuel Oil
§D 1660~ 72 (_1977)“ Test for Thermal Stability of Aviation Turbine Fuels

Emergency Specifications
Part24 . .

E55-7% Emergency Spec. for Automotive Gasoline -
8D 1661 ~ 64 (1977) Test for Thermal Stability of U.S. Navy Special Fuel Oil

. 8D 1662~ 69 (1979)" Test for Active Sulfur in Cuuing Fluids
g

D 1717 ~ 65 (1975)" -Analysis of Commercial Butane-Butene Mixtures and isobutylene by Gas Chromatog-
Taph;
§D 174075 (1980) Test foil'r Luminometer Numbers of Aviation Turbine Fuels '
D 1741 ~ 64 (1981} Test for Functional Lifs of Ball Bearing Greases .
§D 1742 ~ 64 (1978) Test for Qil Separation from Lubricating Grease During Storage
§D 1743~ 73 {1981) Test for Corrosion Preventive Properties of Lubricating Greases -
§D 1744~ 64 (1978) Test for Water in Liquid Petroleum Products by Karl Fischer Reagent
D 1747~ 62(1978) Test for Refractive Index of Viscous Materials
8D 1748~70(1975) Test for Rust Protection by Metal Preservatives in the Humidity Cabinet
D 1750~ 62 (1977) Tablesfor Positive Displacement Meter Prover Tanks
8§D 1796 ~ 63 (1977) Test for Water and Sedim nt in Crude Oils and Fuel Oils by Centrifuge
D 1831~ 64 (1978)" Test for Roll Stability of Lubricating Grease
D 1832~ 65 (1977)*! Tast for Peroxide Number of Petroleum W
D 1833 - 64 (1977) Test for Odor of Petroleum Wax :
D1834~80 | Test for 20-deg Specular Gloss of Waxed Paper
D 1835~ 76 (1981) Spec. for Liquefied Petroleum (LP) Gases

3
o

i

Conten

§D 1840 - 81 Test for Naphthaier
photomerry
D 1545 - 81 Analysis of Natural
§D 1947 - 77 Test for Load-Carry
D 1949 - 79 Test far Separation
D2001 - 81 Test for Depentaniz
D200z - 81 Isolation of Represe
D2003 - 81 Isolation of Represe

D 20064 - 65 (1980} Test for Modulus of

D2005 - 80 Test for Sealing Stre
D2007 - 80 Test for Characieris
Gel Adsorption C
D 2008 - 80 Test for Ultraviolet
gD2155-66 (1976) Test for Autoigniti
. 1980t—Replaced
D2136- 80 Test for Smoke Den
D2157-80(1981) Test for Effect of Ai
Fuels
D2158-80 Test for Residues in
D2159 - 64 (1978) ‘Test for Naphthenes
. 'D2160-66 (1980) Test for Thermal St
- §D2161-T79 Conversion of Kine:
| - Viscosity

.. D2162~-79 Basic Calibration of
D2163-T7 Analysis of Liquefi

Chromatography

3 D226 -T0 S 1975} Ree. Practice for De
Lo 226578 Test for Dropping P

Test for Wear Preve

§D 2266 - 67 (1981)
Test for Aromatics i+

D2267 - 68 (1978}

R ..raphy
2268817 Analysis of High-Pu
D2269-73 (1978) Evaluation of White
§p2270-7 Caleulating Viscosit»

D2271~66 (1981) Rec. Practice for Pre

e [2272- 67 (1977) Test for Oxidation §

227381 Test for Trace Sedin
D2774~74(1980) Test for Oxidation S
227673 (1978} Test for Panticulate ¢
DI2B5— 68 (1978) Test for Interfacial *
B ‘Water by the Draoy

gD - 76 (1980) Test for Heat of C
Eﬁﬁ ol

bkl Precision Method®
I384= 68 (1978) Tests for Traces of ¥
85~ 81 Test for Hydrogen £

g 6'7 - S Io%omctric Titrati
FOE6-67 (1977) Test for Freezing Pc
; DIDYXZEO -+ + - - Test for Color u% Dy
D021 Test for Hydrogen S

4 (1979) Test for Interconve
: : Sl Volume, Liguid-v
: :TS {1980) Rec. Practice for Vic
- DA 0 <> Test for Weight of §
«67(1977) Test for Hydrocdrbe
~67(1978)" Test for Hydrocarbe
33 (1980) . Test for Butadiene T
= 3 LA mp'hy .
(1977) ~Detenpination of C;
{1979) - Simulative Recircul:

D 1837~ 81 Test for Volatility of Liquefied Petrolenm (LPJ Gases
D 1838 - 74 (1979)*" Test for Copper Strip Corrosion by Liquefied Petroleum (LP) Gases
D 1835 - 80 Test for Amyl Nitrate in Diesel Fuels .

L{1578)" Test for Isomer Dist
g »  etry

#-Test for Clond Poin

"~ Caltalaiotn of Visce

' ’(lb "Estimation of Molec
-
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§D 1840 - 81 .

. . D1s4sgl
§D 1947 - 77
D 194979
D200} - 81
D2002 - 81
D2003 - §1

* D2004 - 65 (1980)
D 2005 - 80
D 2007 - 80

D 2008 - 80
§D2155 - 66 (1976)

D2156 - 80
D2157 - 80 (1981)

D2158 - 80
D2159 - 64 (1978)
D2160 - 66 (1980)
k.. §D2161-79

+Lipkin - -f—D2162-79

D2163 77

D226 - 70 (1975)

__ D165-T8
§D 2266 67 (1981)
2267 - 68 (1978)

12268817
D265~ 73 {1978}
2270 -7
D2771-66(1981)
: D272~ 67 (1977)7
$02273 - 81
ki D274 - 74 (1980)
o276 73 Q978
DIR5-- 68 (1978)

BN = 67 (1977)
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21 =74 (1979)
E75 (1950)
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Test for Naphthalene Hydrocarbons in Aviation Turbine Fuels by Ultraviolet-Spectro-
photometry
Analysis of Natural Gas by Gas Chromatography
Test for Load-Carrying Capacity of Finid Gear Lubricants
Test for Separation of Tetracthyllead and Tetramethyliead in Gasoline
Test for Depentanization of Gasoline and Naphthas
Isolation of Representative Saturates Fraction from Low-Olefinic Petroleum Naphthas
Isolation of Representative Saturates Fraction from High-Olefinic Petroleum Naphthas
Test for Modulus of Rupture of Petroleum Wax
‘Test for Sealing Strength of Petrolenm Wax
Test for Characteristic Groups in Rubber Extender and Processing OQils by the Clay-
Gel Adsorption Chromatographic Method
Test for Ultraviolet Absorbance and Absorptivity of Petrolenm Products
Test for Autoignition Temperature of Liquid Petroleum Preducts (Discontinued
1980t—Replaced by E 659) '
Test for Smoke Density in Fiue Gases from Bumning Distillate Fuels
Test for Effect of Air Supply on Smoke Density in Flue Gases from Burning Distillaie
Fuels
Test for Residues in Liquefied Petroleum (LP) Gases
Test for Naphthenes in Saturates Fractions by Refractivity Intercept
Test for Thermal Stability of Hydraulic Fluids
Corversion of Kinematic Viscosity to Saybolt Universal Viscosity or to Saybolt Furol
Viscosity
Basic Calibration of Master Viscometers and Viscosity Oil Standards o
Analysis of Liquefied Petroleum (LP} Gases and Propylene Concentrates by Gas
Chromatogtaphy '
Rec. Practice for Description of Types of Petroleum Extender Oils
Test for Dropping Point of Lubricating Grease Over Wide Temperature Range
Test for Wear Preventive Characteristics of Lubricating Grease (Four-Ball Method)
Test for Aromatics in Light Naphthas, Reformates, and Gasolines by Gas Chromatog-
raphy '
Analysis of High-Purity n-Heptane and Iseoctane by Capillary Gas Chromatography
Evaluation of White Mineral Oils by Ultraviolet Absorption
Calculating Viscosity Index from Kinematic Viscosity
Rec. Practice for Preliminary Examination of Hydraulic Fluids {(Wear Test)
Test for Oxidation Stability of Steam-Turbine Oil by Rotating Bomb
Test for Trace Sediment in Lubticating Qils
Test for Oxidation Stability of Distilate Fuel Oil (Accelerated Method)
Test for Particulate Contaminant in Aviation Turbine Fuels
Test for Interfacial Tension of Electrical Insulating Oils of Petroleum Origin Against
Water by the Drop-Weight Method ’
Test for Heat of Combustion of Hydrocarbon ‘Fuels by Bomb Calorimeter (High-
Precision Method) : : .
Tests for Traces of Volatile Chlorides in Butane-Butene Mixtures
Test for Hydrogen Sulfide and Mercaptan Sulfur in Natural Gas (Cadmium Sulfate-
“Todomerric Titration Method) : : o
Test for Freezing Point of Aviation Fuels
Test for Coler of Dyed Aviation Gasolines
Test for Hydrogen Sulfide in Liquefied Petroleurn (LP) Gases (Lead Acetate Method)
Test for Interconversion of the Analysis of C; and Lighter Hydrocarbons to Gas-
Volume, Liquid-Volume, or Weight Basis
Rec. Practice for Viscosity System for Industrial Fluid Lubricants
Test for Weight of Surface Wax on Waxed Paper or Paperboard
Test for Hydrocarbon Types of Propylene Polymer by Mess Spectrometry
Test for Hydrocarbon Types in Middle Distiliates by Mass Specirometry

(_lg_ﬁﬂ) : Test for Butadicne Dimer and Styrene in Butadiene Concentrates by Gas Chromatog-

raphy - .
Determination of C; through Cs Hydrocarbons in Gasolines by Gas Chromatography
Simulative Recirculaving Sysiem Testing of Aerospace Hydraulic Fluids .

. Test for Isomer Distribution of Straight-Chain Detergent Alkylate by Mass Spectrom-

ctry . .
“Test for Cloud Point of Petroleum Oils

Estimati

Awn,
<

on of Molecular Weight of Petroleum Oils from Viscosity Measurements

orof Viscosity=Gravity Constant-{VGC) of Petroleum -Oils—— ~— —== e
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—-'—-———---—232-78].—-J.?..EJ.B'/'_'I)w Test for Compatibility of Fuel Oil Blends by Spot Test
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D2503 - 67 (1977} ‘Test for Molecular Weight of Hydrocarbons by Thermo-Electric Measurement of Vapor
Pressure
D2504 - 67 (1977) Test for Noncondensable Gases in C; and Lighter Hydrocarbon Products by Gas
Chromatography
D 2505 - 67 (1977} Test for Ethylene, Other Hydrocarbons, and Carbon Dioxide in High-Purity Ethylene
by Gas Chromatography
2509 — 77 {1981)"" Measurement of Extreme Pressure Properties of Lubricating Grease (Timken Method)
§D2510~-69 (1979) Test for Adhesion of Solid Film Lubricants :
§D2511-69(1979) Test for Thermal Shock Sensitivity of Solid Film Lubricants
§D2532-79 “Fest for Viscosity and Viscosity Change Afier Standing at Low Temperaturesof Aircrafl
Turbine Lubricants .
8D 2533~ 67 (1977)" Test for Vapor-Liquid Ratio of Gasoline
D 253473 (1978)° Test for Coefficient of Kinetic Friction for Wax Coatings
D 2547 ~ 70 (1977)" Test for Lead in Gasoline, Volumetric Chromate Method
D2548 - 69 (1974) Analysis of Oil-Boluble Sodium Petroleum Sulfonates by Liquid Chromatography
{Discontinued 19787-—Replaced by D 3712)
Test for Separation of Represeniative Aromatics and Nonaromalies Fractions of High
Boiling Oils by Elution Chromatography.
§D 2550 - 76 (1981) Test for Water Separation Characteristics of Aviation Turbine Fuels
D2551-80 “Test for Vapor Pressure of Petroleum Products (Micromethod)
D 2567 - 68 (1978) 'Test for Molecular Distribution Analysis for Monoalkylbenzenesby Mass Spectrometry

D2549 - 81

- D2593~73{1978) Test for Butadiene Purity and Hydrocarbon Impurities by Gas Chromatography

D2595 -70 (1980) Test for Evaporation Loss of Lubricating Greases Over Wide Temperature Rangs

D 2596 - 69 (1980} Measx:{lclz;:m of Extreme-Pressure Propenies of Lubricating Grease (Four-Ball
Metho

D2597- 73 (1978)  Analysis of Nawral Gas-Liquid Mixtures by Gas Chromatography

D2598 - 73 (1978} Calculation of Cenain Physical Properties of Liquefied Petrolenm (LP) Gases From
Compositional Analysis .

D25%5~ 81 Test for Lead in Gasoline by X-~ray Spectrometry

D2600-72 (1977) Test for Aromatic Traces in Light Sawrated Hydracarbons by Gas Chromatography

D2601 - 68 (1978) Hydrocarbon Types in Propylene Tetramer by Low Ionizing Voltape Mass Spectrometry

D602 ~ 75 (1980)" Test for Apparént Viscosity of Engine Qils at Low Temperature Using the Cold-

Cranking Simulator .
D2603 ~76 Test for Sonic Shear Stability of Polymer-Containing Oils.
D2618-80 ‘Test for Pressure Blocking and Picking Points of Petrolenm Wax

D2619 - 67 (1977} Test for Hydrolytic Stability of Hydraulic Fluids (Beverage Bottic Method)
§D2622-77 Test for Sulfur in Petroleum Products (X-Ray Spectrographic Method)

D2624 - 77¢
ator Additive

D2625- 69 (1979) Test for Endurance (W e_a;') Life and Load-Carrying Capacity of Solid Film Lubricany

(Falex Method)
D2649 - 70 (1975) Test for Corrosion Characteristics of Solid Film Lubricants
D 2650 -68 (1978)  Test for Chemical Composition of Gases by Mass Spectrometry

D2669~ 77
Melis)

D 2670 - 67 (1977) Measuring Wear Propenties of Fluid Lubricants (Falex Method)
§D2709 — 68 (1977) Test for Water and Sediment in Distillate Fuels by Centrifupe

D2710-T77 Test for Bromine Index of Petrolenm Hydrocarbons by Elecirometric Titration

D2711 - 74 (1979 Test for Demulsibility Characteristics of Lubricating Oils )

D2712-70(1980) ‘'Test for Hydrocarbon Traces inPropylene Concentrates by Gas Chromatography

D2713 -8l Test for Dryness of Propane (Valve Freeze Method) - :

D2714 - 68 (1978) Calibrﬁm and Operation of the Alpha Model LFW-1 Friction and Wear Testing

: Machine . ‘ ’ .

D2715-71(1980) Test for Volatilization Rates of Lubricants in Vacuum -

D2716-71(1976) Test for Coefficient of Friction and Wear Characteristics of Solid Film Lubricants is
: Vacuum and Other Comirolled Atmospheres (Intent to Withdraw) .

Conter

D2785~ 80 Test for Trace Qua
_ ratus)
D2786 - 81 Hydrocarbon Type:

Mass Spectromet

D2787~72(1977) Test for LI::ad and \
D2788-72(1977) Test for Trace Metz
D2789~81 Test for Hydrocarbs
D2878~ 75 (1980) Estimating Apparer
D2879-75(1980) Test for Vapor Pres:
ature of Liguids t

D 2880~ 80 Spec, for Gas Turbi
D2881 ~73(1978) Classification for M
D2882-74 Vane Pump Testing
.D2883 -~ 75 (1980) Test for Reactiont T)
D 2884 ~ 72 (1977 Test for Yield Stress
D2887 - 73 (1978) Test for Boiling Rar

D2888~78 Analysis of Liquefie
to Withdraw)
D2889 -~ 81 Calculation of True
D 2890~ 81 Calculation of Liqui
b - 12891 - 73¢ Validation of Resuly
by D 3764)
- 'D2892-78 - - . . Distillation of Crudc

D2893 - 72 (1977)" Test for Oxidation ¢

D28%4~73 Analysis of Calciun

. (Discontinued 197

- D2895-73 (1978)" Test for Gloss Rete
: {40°C)

D2896 ~ 80¢ Test for Total Base 1

Test for Electrical Conductivity of Aviation Turbine Fuels Containing a Static Dissi.

Test for Apparent Viscosity of Petroleum Waxes Compounded with Additives (Ho §

Titration

PR o
e an

D2981- 71 (1976)¢ Test for Wear Life o

- D29B2- 80 Test for Detecting G
: §D2983- 80 Low-Temperature V
e Viscometer

Validation of Resu
i Replaced by D 37
D3114~72 (1977 Test for D-C Electric
- D3115-75 (1980) Test for Explosive R
= §D3116-72(1977) Test for Trace Ao
DNTI<T2(1977) Test for Wax Appez

25 D2984 - 74

.1 N,

P3MIS-T5 Test for Mist Spray .
D775 Test for Trace Qu:
e Oxidative Microcc

- Specification for 2-M
FLIT=T73 (1978} Test for Mercaptan £
o, . (Potentiometric M
DIDS .79 " Test for Total Nitro;

m;:‘B {1978) . Test for Low Levels
320273 (1978)  Test for Salts in Cru
XIIL=73 (1978) ‘Test for Phosphorus

- DEIZT3(1978)  Measurement of Flo
we- DI =73 (1978)" Measurement of Ext
551 be (1978 Test for Abrasion Re
A tea (1978).. Test for Solvent Ext:

D2717-78 Test for Thermal Conductivity of Liguids .

D2766 - 71 (1980} Test for Specific Heat of Liquids and Solids . -
D2779-80 - Estimation of Solubility of Gases in Petroleum Liquids . T
D2780-78 Test for Solubility of Fixed Gases in Liquids "

Measuremeni of Exiremié-Pressure Propenies of Lubricating Fluids {Timken-Method

D2782 -7 i
D2783 -8} Measurement of Extreme-Pressure Properties of Lubricating Fluids (Four-Ball Method)
D2784-80 Test for Sulfur in Liguefied Petroleum Gases (Oxy-Hydrogen Burner or Lamp) -

@=-73(1918)_ Test for Apparent V

, iz Test for Lead in Gar
Calculation of Carb
by the n-d-M Me1
amati ypc.s_An
Mass Spectromerr
Test for Undissolvec
: Tmft_ for Thermal Ox
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-

a D2785~80 Test fcu; Trace Quantities of Tota) Sulfur (Wickbold and Beckman Combustion Appa-
Tatus

b D2786- 81 Hydrocarbon Types Analysis of Gas-Oil Saturate Fractions by High lonizing Voliage
Mass Spectrometry '

vlene D2187~72(1977) Test for Lead and Vanadium in Gas Turbine Fuels

i D2788~72 (1977} Test for Trace Metals in Gas Turbine Fuels (Atomic Absorption Methad)

thod) D2789 - 81 Test for Hydrocarbon Types in Low Olefinic Gasoline by Mass Spectrometry

D2878-75(1980) Estimating Apparent Vapor Pressures and Molecular Weights of Lubricating Oils
D2879~75(1980) Test for Vapor Pressure-Temperature Relationship and intial Decomposition Temper-
reraft ature of Liquids by Isoteniscope
© D2880-80 Spec. for Gas Turbine Fuel Qils

D2681-73(1978) Classification for Metal Working Fluids and Related Materials

D2882-74 . Vane Pump Testing of Petroleum Hydraulic Fluids

2883 — 75 (1980)" Test for Reaction Threshold Temperature of Liquid and Solid Materials

raphy D2884 - 72 (19770 Test for Yield Stress of Heterogeneous Propellants by the Cone Penetration Method
D2887-73 (1978) Test for Boiling Range Distribution of Petrolenm Fractions by Gas Chromatography

'High D2888-78 Analysis of Liquefied Petrolenm Gases (LPG) by Process Gas Chromatography (Intént
i 10 Withdraw) '
] D2889 - 81 Caleulation of True Vapor Pressures of Petroleurn Distiliate Fuels
L D2890-8] Calculation of Liquid Heat Capacity of Petroleum Distillate Fuels
ymetry o p2891-737 'vagidgig;lﬁig Results of Process Distillation Analyzers (Discontinued 1980 {—Replaced
. y ~

ze  —E=+D2892-78 - - ‘Distillation of Crude Petroleum (15 Theoretical Plate Column)
1r-Ball § D2893~ 72 (1977) Test for Oxidation Characteristics of Extreme Pressure Lubricating Oils
F . D2894-73 Analysis of Calcium and Barium Petroleum Sulfonates by Liquid Chromatography
- . (Discontinued 1978{—Replaced by D 3712)
From [ - 12895-73 (1978)" Te(s;ol;ocr: Gloss Retention of Waxed Paper and Paperboard Afier Storage at 104°F

D2896- 807! Test for Total Base Number of Petrolerm Products by Potentiometric Perchloric Acid
-aphy = o Titration -
ometry § S
Cold- S Part 25
sl
D2981-T71 (1976)" Fest for Wear Life of Solid Film Lubricants in Oscillating Motion
D295 - 80 Test for Detecting Glycol-Base Antifreeze in Used Lubricating Oils
§o2983- 80 Low-Temperature Viscosity or Automotive Fluid Lubricants Measured by Brookfield
o Viscometer
Validation of Results of Process 'Vapor Pressure Analyzer (Disconiinued 19807—
=Rty ¢ Replaced by D 3764)

>

D314 72 (1977)¢ Test for D-C Electrical Conductivity of Hydrocarbon Fuels
= D315~ 75 (1980) Test for Explosive Reactivity of Lubricants with Aerospace Alloys Under High Shear
JOIIE-72(1977) Test for Trace Amounts of Lead in Gasoline T
OBNT=T2(1977)  Test for Wax Appearance Point of Distiliate Fuels

DAMM=T75= Test for Mist Spray Flammability of Hydraulic Fiuids

Test for Trace Quantities of Sulfur in Light Liquid Petroleum Hydrocarbons by

Oxidative Microcoulomet .
Specification for 2-Methoxyethanol ) .
" Test for Mercaptan Sulfur in Gasoline, Kerosine, Aviation Turbine and Distillate Fuels
(Potentiometric Method)
" Test for Total Nitrogen in Lubricating Oils by Modified Kjeldahl Method
* Test for Low Levels of Lead in Gasoline by X~Ray Spectrometry

73 { ‘Test for Salis in Crude Oil (Electrometric Method)

XITET3(1978) Test for Phosphorus in Gasoline
¥R ="73 (1978) Measurement of Flow Properties of Lubricating Greases at High Temperatures
XX =73 (1978)" Measurement of Extreme Pressure Properties of Fluid Lubricants (Falex Methods)  *
B4 =73 (1978) Test for Abrasion Resistance of Petroleum Wax Coatings -
% =73 (1978) . Test for Solvent Extractables in Petroleum Waxes .
e BV RT3 (1978) - Testfor Apparent Viscosity of Hot Melt Adhesives and Coating Materials
Tt ens Sy Test for Lead in Gasoline by Atomic Absorption Spectrometry
Celeulation of Carbon Distribution and Structoral Group Analysis of Petroleum Oils
" by the n-d-M Method : -

o Fi€5 Analysis of Gas-Oil Aromatic Fractions by High Ionizing Voltage
- Mass Spectrometry -
- "Test for Undissoived Water in Aviation Turbine Fuels
+Test for Thermal Oxidation Stability of Aviziion Turbine Fuels (JFTOT Procedure)
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Cor
D3242 - 792 Test for Total Acidity in Aviation Turbine Fuel D38
D3243-77 Test for Flash Point of Aviation Turbine Fuels by Setaflash Closed Tester D3 931 -7 Test for Manpa
D344 -11 Rec. Practice for Utilization of Test Data to Determine Confermance with Specifications D3 904 - 80 Test for Oil Fro
D3245~76 Test for Pumpability of Industrial Fuel Oils D 3943 S0 Test for Solidif;
. D3246-81 Test for Sulfur in Petroleum Gas by Oxidative Microcoulometry D3945 ~ 80 Test for Shear §
D3336~ 75 (1981) Test for Performance Characteristics of Lubricating Greases in Ball Bearings at Elevated D 46— 80 Evaluating the ¥
_ Temperatures D §;4 7-80 Test far Specific
D3337 - 74 (1980)" Evajuation of Greases in Small Bearings 48 - 80 Determining Wi
D3338-74 { 1979) Estimation of Heat of Combustion of Aviation Fuels D4 Separometer
D 3339 - BO" Test for Total Acid Number of Petrolenm Products by Semi-Micro Color Indicator 006 - 81 Test for Water ix
Titration D4007- 81 Test for Water 2
D3340-79 Test for Lithium and Sodium in Lubricating Greases by Flame Photometer dure)
D3341 - 809 Test for Lead in Gasoline—Jlodine Monochloride Mettiod D4042-81 Practice for Sam
D3342 — 74 (1979) *Test for Emulsion Stability of New (Unused) Rolling Oil Dispersions in Water ) Rolling Oils
D3343 - 74 (1979) Estimation of Hydrogen Content of Aviation Fuels DA045 - 81 Test for Sulfur in
D3344 - 74 (1979} Test for Total Wax Loading of Corrugated Paperboard D4046 - 81 Test for Alkyl Ni
D3348-T9 Rapid Field Test for Trace Lead in Unleaded Gasoline (Colorimetric Method) . D4047-81 Test for Phospho.
D3427-75 (1980) Test for Gas Bubble Separation Time of Petroleum Oils C Method
D3428- 75 (1981) Test for Torque Stability Wear and Brine Sensitivity Evaluation of Ball Joint Greases D4g4g- 81 . Detection of Cop
D 3429 - 75 (1980) Test for Solubility of Fixed Gases in Low Boiling Liquids Test
D343]1 - 80 Trace Nitrogen in Liquid Petrolenm Hydracarbons (Microcoulometric Method) _ . Dat49 -8l Test for Resistan
.D3519 - 76 Test for Foam in Aqueous Media (Blender Test) E 20 D4051-81 Preparation of Lc
3520~ 76 {(198T)" "Test for Quenching Time of Heat Treating Fluids (Magnetic Quenchometer Methad) ¥ D452 & Test for Density
D 3521 ~ 76 (1981} Test for Surface Wax Coating on Corrugated Board ¥ D4053-81 - - - Test for Benzene
D3522 - 76 (1981} Test for Applied Coating Wax and Impregnating Wax in Corrugated Board Fac'n_ll; 3 D4054-81 Practice for Evali
D3523 -76 (1980) Test for Spontancous Heating Values of Liquids and Solids (Differential Mackey Test) 3 and Aircraft Fu
D3524-81 Test for Diesel Fuel Diluent in Used Diese] Engine Oils by Gas Chromatography D4055 - &1 Test for Pentane 1
0352581 Test for Gasoline Diluent in Used Gasoline Engine Oils by Gas Chromatography - D4036 - 81 Estimation of Soh
D3527~ 76 (1581) ‘Test for Life Performance of Automotive ‘Wheel Bearing Grease .D4057 - 81 Practice for Manu
D3601—-T7 Test for Foam in Aqueous Media (Bottle Test)
D3602-77 Field Test for Water Separation Characteristics of Aviation Turbine Fuels
D3603 =77 Test for Rust-Preventing Characteristics of Steam Turbine Oil in the Presence of Water D 613-79 Test for Ignition C
_ (Horizontal Disk Method) ) o o E 8D 908-79 Test for Knock Chs
D 3604 - 77 Te(s:t fo;_l\iiolmne Change of Elastomeric Materials in Hydraulic Fluids Under Static £ ... D2623-81 Test for Knock Ci
enditions : : el
D3605-77 Test for Trace Metals in Gas Turbine Fuels by Atomic Absorption and Flame Emission Teﬁf fg:-D]%nock Ch
Spectroscopy N - - Test for Knock Ch
D 3606 - 77 Test for Benzene and Toluene in Finished Motor and Aviation Gasoline by Gas fe=x% D2885—- 81" Tast for Research :
Chromatography . . . - - Test for Knock C}
D3607 ~ 80 Removing Volatile Contaminants from Used Ergine Oils by Stripping . (DON) Method
369978 Specification for Kerosine : ) 2 °
D3ITOD-"18 Obtaining Hydrocarbon Fiuid Samples Using 2 Floating Piston Cylinder - . . AEROS
D3701-81 Test for Hydrogen Content of Aviation Turbine Fuels by Low Resolution Nuclear Befirimioss "_
Magnetic Resonance Spectrometry Seieree i
D3702-78¢ Test for Wear Rate of Materials in Self-Lubricated Rubbing Contact Using & Thruy AR
Washer Testing Machine . it €. 27) - 61 (1980). Test for Density of
‘D3703-78 Test for Peroxide Number of Aviation Turbine Fuels = T LT2- 53 (1980) Test for Water Abs
D3704-78 Test for Wear Preventive Properties of Lubricating Greases Using the (Falex) Ring and B € I3 -61(1980) Sbear Test in Fiay
Block Test Machine in Oscillating Motion SO I - 68 (1980) Def. of Terms Relz
D3705-78 Test for Misting Properiies of Lubrnicating Fluids 2 Gr2975- 61 (1980) Tension Test of Fl;
D3706~-78 Test for Hot Tack of Wax-Polymer Blends by the Flat Spring Test S°353=57 (1980) Test for Delaminat
D3707-78 Test for Storage Stability of Water-in-Oil Emulsion by the Oven Test Method Cr 364~ 61 (1980) Test for Edpewise (
. D3708-78 Test for Weight of Wax Applied During Curtain Coating Operation 5= 57 (1980) Test for Flatwise C
D3705-78 Test for Stability of Water-in-Qil Emulsions Under Low to Ambient Temperature . Measurement of T}
. Cycling Cot}diticms .- Flexure Test of Fla
D3710-78¢ Test for Boiling Ranpe Distribution of Gasoline and Gasoline Fractions by G g : “Test for Shear Fati
Chromatography- ) 3 F=€2 (1980} ‘Test for Flexure Cr
D3711-78 Test for Deposition Tendencies of Liquids in Thin Films and Vapors Z =862 (1980) "Test for Laboraton
D3712-78 Analysis of Oil-Soluble Pewrolenm Sulfonaies by Liquid Chromatography 3 ¥ ="20 (1980):Test for Minimum
D3764~380 Practices for Validation of Process Stream Analyzers < BO="r.< Def. of Terrns and
3525, 79 . Test for Dynamic Susface Tension by the Fast Bubble Technigue §1%77). Def. of Terms Rela
D3827-79 Estimation of-Solnbility-of-Gases.in Petrolenm and Other Organic Liquids, {1980) = Practice for Solid B
D 3§28 - 81 Test for Flash Point by Setaflash Closed Tester . FE0) " Test Tor Compatibi
D3825-79% Predicting the Borderline Pumping Temperature of Engine Oil FoE2s  Technique)
D3330-79 Practice for Filter Membrane Color Ratings of Aviation Turbine Fuels % (1980) Test for Shock Sen:
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D3831~-79 '
D3964 - 80
D3944 - 80
D 394580
D 3946 - 80
D 3947 - 80
D3548 - 80

-

D 4006 - 8!
D4007 - 81

D4042 - 81
D4045 - 81
D4046 - 81
D4047 - 81
D4048 - 81

D449 - 81
D4051 - 81

b ——

=7 D4052-81

D4053 - 81

: D4054:’81
"L papss-81

" p40s6-8l
oi 4057 -8l

ol

D 613-79
gD 509-79
D2623-81

»

-

e D

1-61 (1980)
27253 (1980)
L7361 (1980)

P74 — 6B (1980)
B=297 - 61 (1980)
6357 (1980}
= 61(1980)
- 57 (1980}
=57 (1980)
=62 (1980}
= 62 (1980) = Test for Shear Fatigne of Sandwich Core Materials
=62 (1980) Test for Flexure Creep of Sandwich Constructions
415562 (1980) - Test for Laboratory Aging of Sandwich Constructions = -

P70 (1980) Test for Minimum Pressure for Vapor Phase Ignition of Monopropeliants

=80t “oo- Def, of Termas and Symbols Relating to Solid Rocket Propulsion

=70 (1977) Def. of Terms Relating to Rheological Properties of Gelled Rocket Propellants

71 (1980) _ Practice for Solid Rocket Propellant Specific Impulse Measurements

70 {1980} Teat-for-Compatibility-of #Materials with Liguid

- Technigue)
D{1980) ‘Testfor Shock Sensitivity of Liquid Monopropellants by the Card Gap Test

Contents, Parts 23, 24, 25, and 47

Test for Manganese in Gasoline by.Atomic Absorption Spectrometry

Test for Oil From Oil Shale {Resource Evaluation by USBM Fischer Assay Procedure
. Test for Solidification Point of Petrcleum Wax

Test for Shear Stability of Polymer-Containing Fluids Using a Diesel Injector Nozzle

Evaluating the Bioresistance of Water-Soluble Metal Working Fluids

Test for Specific Heat of Aircraft Turbine Lubricants by Thermal Analysis
Determining Water-Separation Characteristics of Aviation Turbine Fuels by Portabie
Separometer

Test for Water in Crude Qil by Distillation

Test for Water and Sediment in Crude Qil by Centrifuge Method (Laboratory Proce-

-dure)

Practice for Sampling and Testing for Ash and Total Iron in Steel Mill Dispersions of

Rolling Oils

Test for Sulfur in Petroleum Products by Hydrogenolysis and Rateometric Colorimetry

Test for Alkyl Mitrate in Diesel Fuels by Spectrophotometry

Test for Phosphorus in Lubricating Oils and Additives by Quinoline Phosphomelybdate

Method

Detection of Copper Corrosion from Lubricating Grease by the Copper Strip Tarnish

Test

Test for Resistance of Lubricating Grease to Water Spray
Preparation of Low-Pressure Gas Blends

Test for Density and Relative Density of Liquids by Digital Density Meter
Test for Benzene in Motor and Aviation Gasoline by Infrared Spectroscopy
Practice for Evaluating the Compatability of Additives with Aviation-Turbine Fuels

and Aircraft Fuel System Materials
Test for Pentane Insolubles by Membrane Filtration

Estimation of Solubility of Water in Hydrocarbon and Aliphatic Ester Lubricants

Praciice for Manual Sampling of Petroleum and Petroleum Products

Part 47

Test for Ignition Quality of Diesel Fuels by the Cetane Method

Test for Knock Characteristics of Aviation Fuels by the Supercharge Method

Test for Knock Characteristics of Liquefied Petroleum (LP) Gas by the Motor (LP)

Method

Test for Knock Characteristics of Motor Fuels by the Research Method

Test for Knock Characteristics of Motor and Aviation Fuels by the Motor Method
Test for Research and Motor Method Octane Ratings Using On-Line Analyzers
Test for Knock Characteristics of Mowor Fuels by the Distribu

(DON) Method
AEROSPACE INDUSTRY METHODS

Part25
(See gray-edged pages.)

Test for Density of Core Materials for Structural Sandwich Constructions

Test for Water Absorption of Core Materials for Structural Sandwich Constructions
Shear Test in Flatwise Plane of Flat Sandwich Constructions or Sandwich Cores

Def. of Terms Relating 1o Structural Sandwich Constructions

Tension Test of Flat Sandwich Constructions in Flatwise Plane

Test for Delamination Strength of Honeycomb Type Core Material

Test for Edgewise Compressive Strength of Flat Sandwich Constructions
Test for Flatwise Compressive Strength of Sandwich Cores

Measurement of Thickness of Sandwich Cores
Flexure Test of Flat Sandwich Constructions
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EE

D 2540 - 70 (1980) Test for Drop Weight Sensitivity of Liquid Monopropellants
>254] - 70 (1980) Test for Critical Diameter and Detonation Velocity of Liquid Monopropeliants
! F 50~ 69 (1980) Test for Continuous Sizing and Counting of Airborre Particles jn Dnst-Controlled
' Areas Using instruments Based Upon Light-Scattering Principles
301 -78a Practice for Open-Bottle Tap Sampling of Noncryogenic Fluid Sysiems
302~78 Practice for Field Sampling of Aerospace Fluids in Containers
303 - 78° Practices for Sampling Aerospace Fluids from Components
304 - 70 (1980) Practice for Sampling for Particulates from Aeraspace Components with Convolutes
305~ 70 (1980) Practice for Sampling Particulates from Reservoir-Type Pressure-Sensing Instruments
by Fluid Flushing
306 - 70(1980) Practice for Sampling Particulates from Man-Accessible Storage Vessels for Aerospace
i Fluids by Vacuum Entrainment Tecknique (General Method)
'307— 73 (1980} Practice for Sampling Pressurized Gas for Gas Analysis
30873 (1980) Practice for Sarpling Gas Blow-Down .Sysiems and Components for Particulate
Contamination by Manual Method
309~ 70 (1980) Practice for Liguid Sampling of Noncryogenic Aerospace Propellants
310-70(1980) Practice for Sampling Cryogenic Aerospace Fluids : o
3nr-78 Practice for Processing Aerospace Liquid Sampies for Particulate Contamination Anal-
ysis Using Membrane Filters :
31269 (1980) MicroscopicSizing and Counting Particles from Aerospace Fluids on Membrane Filters
31378 Test for insoluble Contamination of. Hydravlic Finids by Gravimetric Analysis
-314-70 (1980). Test for Jdentification of Metallic and Fibrous Contaminants in Aerospace Fluids
315-770 (1980} Identification of Solder and Solder Contaminants in Aerospace Fluids .
316-80 " Test for Pore Size Characieristics of Membrane Filters for Use with Aerospace Fluids
317-72 {1977) Test for Liguid Flow Rate of Membrane Filters

L
4 W ™ T e

e

31878 Practice for Sampling Airborne Particulate Contamination in Clean Rooms for Han-
’ dling Aerospace Fluids

319-~77 Practice for Polarized Light Detection of Flaws in Aerospace Transparency Heating

Elements .

320-78 Test for Hail Impact Resistance of Aerospace Transparent Enclosures

321-72 Automatic Particle Counter Size Sening Method

322.-80 Deermining Quality of Calibration Particles for Automatic Particle Counters

323-78 Practice for Precision Classification of Particles

32475 (1980} Test for Nonvolatile Residue of Volatile Cleaning Solvents Using the Solvent Purity
Meter

326-178 Eiectronic Hydrogen Embrittlement Test for Cadmium Electroplating Processes

327-78 Practice for Sampling Gas Blow Down Systems and Components for Particulate
Contamination by Automatic Particle Monitor Method :

32880 Practice for Determining Counting and Sizing Accuracy of an Airborne Particle Counter
Using Near-Nondisperse Spherical Particulate Materiais - .

32978 Praciice for Sampling Aerospace Liguids for Particulate Contamination Using an Inline
Automatic Monitor

330-79 Bird Impact Testing of Aerospace Transparent Enclosures

33172 (1977) Test far Nonvolatile Residue of Halogenated Solvent Extract from Aerospace Com-

. ponents (Using Rotary Flash Evaporator)

33275 (1986} “Test for Amount for Nanvolatile Residue (NVR) in Trichlorotrifluoroethane (Meseran
Procedure) (Intent to Withdraw)

33375 (1980) Test for Amount of Lubricant on the Surface of Aluminum Foils (Meseran Procedure)
(Intent to Withdraw) : -

356—72(1977) Suwatic Immersion Testing of Unstressed Marerials in Nitrogen Tetroxide (N204)

371-73 (1980) ‘Test for Compatibility of Materials with Liquid Oxygen (Reaction Intensity Method)

428-77 “Test for Intensity of Scratches on Aerospace Glass Enclosures

432 =77 Tata] Immersion Corrosion Test for Tank-Type Aircraft Maintenance Chemicals
483 ~77 “Total Ymmersion Corrosion ‘Test for Aircrafi Mamtenance Chemicals

48477 Test for Stress Crazing of Acrylic Plastics in Comtact with Liquid or Semi-Ligui

Compounds -
485 — 76 (1980) Test for Effects of Cleaners on Unpainted Aireraft Surfaces

LG el b L B I B et e+ M B R S < Ao R e e fat i B e Rt

49077 Microscopical Sizing and Counting Particles on Membrane Filiers Using Image Shear

501-77 Test for Aerospace Materials Response.to Flame, with Venical Test Specimen (for
Acrospace Vehicles Standard Conditions) S .

F 50 =77 Test for Effects of Cleaning and Chemical Maintenance Materizls on Painted Aircraft
Surfaces ? —— . :
©F 503-77 Recommended Practice for Preparing Aircraft Cleaning Compounds, Liquid Type, for |

Storage Stability Testing

PR o e

F 520-77
F 521-17
¢ F 548 -8]
i F 649-380
F 650~ %0

F 651-80

F 687-80
F 733-381
F 734-8]
F 735-81

t - — F 736-8

- - - -

- D3610-77

D3663 78
D 3766 - 80
i D3906- 807
D3%07- 80
D3908- 8D
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Contents, Parts 23, 24, 25, and 47

Mechanical Hydrogen Embritlernent Testing of Plating Processes and Aircrafy Main-
tenance Chemicals

Test for Environmental Resistance of Aerospace Transparencies

Testing Transparent Laminates for Bond Integrity

Test for Intensity of Scratches on Aerospace Transparent Plastics

Practice for Secondary Calibration of Airborne Particle Counter Using Comparison
Procedures

Practice for Determining Relative Bias of Two Particle Counters Using Comparison
Procedures

Particle Counter Single-Point Calibration by the Median Method

Practice for Defining Counting and Sizing Accuracy of a Liquid Borne Patticle Usmg
Near-Nendisperse Spherical Particulate Materials

Practice for On-Site Calibration of Liquidborne Automatic Particle Counters with
Adjustable Individual Size Threshoelds

Practice for Optical Distortion and Deviation of Transparent Parts Using the Double-
Exposure Method

Practice for Shear Strength of Fusion Bonded Polycarbonate Aerospace Glazing
Material

Practice for Abrasion Resistance of Transparent Plastics and Coatings Using thv:
Oscillating Sand Method

Practice for Lmpact Resistance of Monolithic Polycarbonatc Sheet by Means of Falling
Weight .

CATALYSTS AND GENERAL USE METHODS AND SPECIFICATIONS

{Begin on page 1103)
Part 25

Test for Total Cobalt in Alumina-Base Coba!t~Molybdenum Catalyst by Potentiometric
Titration

Test for Surface Area of Catalysts

Def. of Terms Relating to Catalysts and Catalysis

Test for Relative Diffraction Intensities

Testing Fluid Cracking Catalysts by Microactivity Test

Test for Hydrogen Chemisorption on Supported Platinum on Alumina Catalysts by
Volumerric Vacuum Method

Test for Determination of the Unit Cell Dimension of 2 Faujasite-Type Zeolite

Test for Total Molybdenum in Fresh Alumina-Basé Catalysts

- Spec. for ASTM Thermometers

Spec. for ASTM Hydrometers
Spec. for Apparatus for Determinatior of Water by Distillation
Spec. for Distillation Equipment

Spec. for Pensky-Martens Closed Flash Tester

Test for Awmoignition Temperature of Liquid Chemicals

RELATED MATERIAL

pric: Practice (Excerpls) (E . 7.1 ) 23,24, 25
goscd Manual on Determining Precision Data (RR: D02-1007) ... .. .. ...oone o ooiiin, s 25
d Test Method for Apparent Viscosity of Engme Oils Between ~40°C and 0°C Using the

nking Simulator ... F e 25

ot Documenton Gaschol ... ...... ... .. .. .., feiaen e eeeeaas e 23
Specification for Gasobol. . ....coanii i e e e 23

4 Definitions of Terms Relating 10 5} Resyehng , .ovov oo Seaees 25

3 Saving Engine Oil Test Procedure (RR: D02-1143) ............ooiiiunee, e 25
) S0 Recommendations and Standards on Petroleum Produets .. ... ... il 23, 24,25

t ASTM-ASME-NEMA Recommended Practices for Turbine Lubricating Systcms . 23,24,25
& m Methods Having 2 Corresponding Federal Test Method ... _......... ... ..... 23,24,25
maPi-ASTM SUARGATAS . . ..\t e e e, e, U 23,24,25

P-Standards—

B ,p Ch.lnges Made in 1981 in ASTM Standards on Petroleum Products and Lubricants. 23,24,25
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INTRODULTION

The-methods in this volume are under the jurisdiction of Committee D-19 on Water. Thik

committee is-concerned with the study of water, the promotion of knowledge thereof, and thy

intr

water-formed ‘Deposils

2.8 atment Materials

X Water Tre

ack of the book, the gray—marked

icP
E 380 Standard for Metric
mill‘cst Methods in Water Suppl

AL the b

Excerpts ff
Abb;cwatcd
these is a complete subject int

Following i standard referred to in the i

mber of eac
standardization of terminology and methods for (1) sampling and analysis of water, waier-born, e

materials:andwastes, water-formed deposits; (2) the determination of the structure, function, ang
.condition-of communities of indigenous and other aquatic organisms; (3) surface water hydraulig |
and hydrologic measurements; () the determination of the performance of materials used tq
.modify water characteristics; and () the determination of the corrosivity or deposit-forming
"properties.of water.
Committee D-19, formed in 1932, has technical activities which are carried forward by mor
than 750.memnibers working in the following siibcommittees: -

dm - . . DI19.0I'Statisticdl'Methods  _ R e e
- D19.02:General Specifications and Technical7Resources

1D19.03 Hygdranilics, Sampling, and Surveillance.of Water and Water-Formed Deposits
D19.04 dviethods.of Radiochemical Analysis

119,05 Inorganic.Constituents.in Water .

D19:06 Methods-of Andlysis. for Organic.Substancesdin Water o
‘D19.07 Methods.of Testing for'Sediments
D19:08 Water Treatrnent Materials |
19,09 Baline and Brackish ‘Waters

i D8.11 Water for Bower Generation:and Process Tlse
D19.21 Effluent Testing

D1923 Biologicdl Field Methods

j D15.24 Water Microbiology

1319:3{ Identification wf Waterborne :Qils

11932 Water for Subsurface dnjection

D19.33 Water Asgsociated sith Alternative Fuels Praduction

e

T

Membership is open 10 all who have an imterest in parficipating in the devélopment of standards
in .these arcas. While Committee D-19 may generally be considered -one of sthe unclassified
- comumittees of the Society, Subcommittee T019:08.0n 'Water Treatment Materidls‘is classified for
Particulate fon Exchange Materials. The standerds published herein are reviewed by the com-
mitlee af least once every S years. Each commitice member is -given an .epporiunity through a -
writien letter baliot 10 vote on new standards, revisions 1o standards, the reapproval of standards,
and the withdrawal of standards. All negative votes with accompanying reasons must be acted
upon within the committee before acceptance of the action. |
The designation numeric list is folowed by a subject-oriented Table of Contents in which the
? standards are listed alphabetically according to the subject of the 1est amder the following areas
of interest: '

% : L. Definitions, Specifications, Reagents, and Reporting Results
. 1L, Sampling and Flow Measutement
111. General Properties of Waier - -

V. Organic Constituents
VI. Radioactivity
VII Saline and Brackish Waters, Seawaters, and Brines

[
"{ #¥. Inorganic Constituents
| T ¥Hi-Microbiolopical Examination

xXiv
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ABOUT THE BOOK ‘ D

Official Methods of Analysis is the - For Rei
ajor publication of the Association of : - : ®
" Official Analytical Chemists. _ N Z

YOL 1o be fabey

i

I,

Chemists, microbiologists, and other

scientists in government, industry, and %i
universities depend upon Official s
Methods of Analysis of the AOAC. &
Reliability of methodology is their ma- %

jor concern. And the reliability and uni-
“formity of each AOAC: analytical’
_method has been ‘demonstrated by _
thorough testing in interlaboratory col- S : o
laborative. studies. - ' :
T U.S. and Canadian national, state,
and .provincial laws, -fegulations, and
policy often stipulate the use of AOAC
methods, .as do commmercial specifica-
tions. The authority of the methods is _ .
further enhanced by the collaboration.of : _ R
.such international organizations as the S
ISO (International Organization for S
_ Standardization), IDF (International I
- "Dairy Federation), and CIPAC (Collab- = ~. .~ =
orative International Pesticides-Analyti- . ' -
_cal Council). & O
. This compendium contains over 1760
© méthodsIis step—*by‘—‘step"fcrmat»spécil

aeptanmy

%

o

il

S

e L el fies reagents and apparatus to be used. S
7 S SEE Alternative methods are often provided ~ . . R
5@ B to accommiodate a wide range of labora- .
%*Q ST . tory capabi]i__ties._'rhe_book is published - R
%‘g‘é“‘g R ~ every five years & d is supplemented be- e e e
i R A + -, -tween editions by four annual updates. e
o A -included in-the purchase price: - - ) e
: 4. - - - This-edition bas been updated to en-- - e

hance - clarity and ease-of-use. -Afong - L

- -, with 165 -additional metheds, it offers .-
4 the following features:: = >~ & - .
L. ‘Method-performance: D afrieters:
... within-laboratory’ and between- . . N .
7%, Jaboratory-standard deviations fOr. .. 5T e e
. " eath method adopted :since publi-- LT
. ... cationof the 13th Bdition, . .~ * ST
-+ .« Easy-to-locate references. - _
s . e Chemical and cOmMMOR NAMES of IR
it .all drugs.and pesticides | .- % - - -
"7 s A greatly expanded mdex . LT
g e ‘More-descriptive titles™? " - N
7w +'e Chemical Abstracts Service (CAS) = . - b

. numbers wherever applicable. e
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ABOUT THE
ASSOCIATION ---

Founded i 1884 AOACisan indepen-
‘dent interhational dssociation devoted to
the development, “testing, validation and -

. publication "of iiethods of analysis -for -

foods, drugs, feeds, fertilizers, pesticides, '
~3.water, forensic matenals and other sub-"
stances.

AQAC coordiriates the development,
testing, and validation of these methods -
.and requires an mterlaboratory collabora-

. tive: study..before - method: can ‘be ap:
- proved as official. Approval of methodsis
accomplished by vote of eligible organiza-.

tions. Approved methods are publishedin -

Off cial Methods of Analysis.

-“Thé actudl Work'of devisinig and-tést=" = )

ing ‘Tethods afid initiating and ‘carrying’
out collaborative studies is accomplished

" by a network of hundreds of volunteer- -

member scientists worldwide. These scien-
“tists work in their official and profes—
-sional capacities as staff. scientists -in -

laboratories, - .
Other. AOAC,actmtles mclude annual ..
"and regional meetings, symposia, courses

‘and fraining workshops; publishing the .

- Journal of the AOAC, manuals, proceed-
ings, and other books, and The Referee,
an informative bulletin for members. -

“About the Members- <.~

The AOAC membership is made up
of individuals and organizations. Indivi-
dual members are analytical science pro-

fessionals: analytical chemists, biologists, "

. microbiologists, biochequists, toxicolo-.~
- gists, Spectroscoplsts and mrensxc and .
. other scientists in laboratory, administra-

tive, and management positions. Organi-

" zation or Sustammg Members, ‘are gov-

ernment agencies, and private ﬁrms and-’
" organizations with an interést in the
development and mterlaboratory evalua_—-

- tionof analy‘ucal methods

AQAC -

1111 N, 19th Street

-Suite 210

Arlington, VA 22209 USA
Telephone: 703-522-3032

-

' government, umniversity,” and industryw Sy
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.'A;bé_ut the Association

PUHPOSE AND FUNCTION - - \ T AWARDS )
The primary objecuvcs of the Assoctatlon of Official Analyhcal . The awards program of AOAU includes the following: The
" ‘Chemists (AQAC) are 1o obtain, improve, develop, test, and adopt. ~  Scholarship Award is given ¢ach year to a student intending to do
" . -7 uniform, precise; and accurate methods for-the analysis-of foods, further study or work in an area nnpcrtant to public health or
drugs,.feeds,. fertilizers; pesticides, water, .or any other substances- . agriculture, -
affecting public health and safety,” Economxc protection of the ** The Fellow of the AOAC Award is given tO selected members in
- -. - consumer, or quality of the environrent: to promote uniformity, recognition of at least 10 years of meritorious service to the
and reliability in .the statement of ananlu:al results; to promote, ~~  AsSociation as referees andfor committee members,

" . conduct, and encourage research in the analytical.sciences related --. .. The Harvey W. Wiley Award, honoring the ““father’” of the U.8.
to agriculture and public health "and the regulatory control of Pure Food and Drug Act and a founder of AQAC, is presented each
commediiies in these fields: and to afford opportunity for discussion. Aear 1o a scientist or group of scientists who have made cutstanding

- of maiters of interest to scientists engaged in relevant pursuits. | contributions 1o analytical methodology in an area of interest to
AQAC itself maintains no laboratories. conducts no ‘analyses. © AOAC. The 82500 award is supported by the Wiley Fund.
5 pero*rﬁ no 1ests. The actual work of devising and 1es1ing methods o
Y v dopa by omembers of AOAC in their official and professiona) ) ~, PUBLICATICNS
) C'c.paf.jlii:-. as staff scientists of federal, state, provinefal, and mu- - : ) .. .
" picipalrepulatory ‘agencies, experiment stations,’ colleges anduni- © " Official Methods af Analysis includes full details of official methods
" versities, commercial firms, and consulting laboratories, - but no descriptivé or interpretative material or tables of data.
—wee o AQAC coordinates these scientific stodies, receives and evaluates -However, AOAC publishes the Journal-of the AOAC, which contains
. the results, gives official. sanction to acceptable mcthods. and - research articles and reports-of the development, validation, and _
.« publishes and disseminates the methods, - ~ & - - "=~ Cinterpretation of analytical methods; and all.collaborative study -
The reliability of methods of analysis is more 1mportan1 than ever . results, Journal contributors and its readers represent the worldwide .
. before. Repulatory agencies need reliable,.reproducible, and prac- .. - apalylical science community. The Journal is .2 forum for the -
tical methods to enforce laws ahd regulatiens. Industry needs reliable exchange of information among methods researchers. The Journal

methods to meet compliance-and quality control requirements.Few | - zalso Tecords thetransartions.of the Ammmual imemnational Meeting,
* organjzations in the Upited: States are devoled Srimarily-io festing 77 jficluding commitieé and feferee reports,lists of -officers, referecs;

and validating analytical methods through mterlaboratory collabo- and committee members. znd all-official actions of the Association, ]
o _..ratue_sludtes—-as is AOAC, mmre e et e e e e poenee including -newly adopted methods: The- Association .publishes a> -
- : ;_' e LT -'_- " variety of other books, manuals, and sympos;um procecdmgs of
¢ VAL . interest to anaiyucal smcntlsts e e .
. ‘z . The Annual Internan'qpal Mcr:ing,.hcld each'Oc_tober, isthe focat "~ - et e MEMBERSHIP
R point of AOAC's yearly work. Here, members have opportunities .. - - S
. " to exchange ideas with colleagues from all over the world, and fo - Thc orgamzznonﬂz AG&C ..ormsts of the mcmbem 1he Board
_ - update theirtechnical knowledge at scientific sessions and symposia, of Directors; a governing-body concerned with administration and
iz - £xhibits,and ShOFL COUrSES, v wrvmarr mareom o=+ o oy o —rmepoliCy- ‘making: ~-Official-Metfiods - Board; Editorjal - Board;" special-
s - = The Spring Workshog, held ffia chﬁferent city each ycar, pmv;des 7 stending Someliiess 2ad ol Eroups concerned with development
practical educationil seminars and’ hands-on trammg workshops, of methods and generz! acrivities: 2nd the hcadquarters staff which
e - primarily for the bench analyst: - - -"carries gut the publicesions program and manages the Association.”
. ‘... The regional section program,provides AOAC affiliated Iocai or. -.—;: ~The: AGAC Bylaws provide for4£lasses of membership: Members,
regional-scientific.meetings, workshops; short’ “Courses, and other - Associate Members. Government Sucﬁx.na Members, and Private

activities for laboratory analysts. Each rcgmnal section is orgamzed Sustaining Members. Chemists. mlcromommsts, and other scientists

!
T "':':'by N Ioca.l vo’quleer commattee oo - NP ? engaged in 2nzlysis oranzivical rekearch related Lo agriculture and
i S a R T T T e ‘ ___ . public hezlth, Znd smzioved by 2 colteg="qr university or by dny -1
4 . '“' : COOPEFIATIVE ACTIVITIES 7T 7 7T- 7 -apency of a locel, szziz. provincial, or petional government may be

: . .. members. Associate mzmbers represert firms- or industries con-
AOAC has estdbl:shed Jo:nl commlt!ees, Ilaason, and, rcpresen— , cemed with commodites or subsiances. of interest to AQAC.

oL +31-8339 8725, .. . T R o ;ssucd annually.

o

: ‘tatiofl with numerous scientific organizations worldwide. Thus, ; Government Sustamng “members. and pnvate sustammg members
i .. . methods are often developed in.cooperation-with other standards-. -5 -are government. agensies or privater mdﬂStﬂES, l‘ﬁSPBCiWclV. that = .
4. - stlting bodies.-AQAC liaison- representatives_for contact-outside - prov:&"‘ financial-suppart 10 AOAC. . :
K ©  North Americd are the following: Harold Egan, Laboralory of the - -1 The Referee, published 10 imes y"arly, is scntfrec £ aif membch, h
- Government Chem:sl CornwaII Honse, Stamford 81, I.ondon UK -';r '_ ‘and contams methods news, " collaborative study news, previews
- SE1 9NQ; telephone--+44-1928-7900; and” Margreet Tuinstra-Lau- : and wrap-ups of mee'ungs ‘news ahoul AQAC people, dnd Associ- -
wazrs, Langhoven 12, 6712 SR Bennekom, Nelherlands !elephonc- »  ation news.-All members also recf:we the membership: dlrecmry a
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INTRODUCTION

In the course of revising and updating various aspects of the National
Pesticide Monitoring Program, the Monitoring Pamel.of the Federal
Working Group on Pest Management identified a need for a standarized
approach to sampling methodologies for the respective environmental
components -of the Program. Accordingly the Panel set up a task group
to undertake this effort.

In preparing this report the task group imposed four restrictions on
itself as it applies to the scope of the report. These restrictions
were as follows:

1. The report was to be considered as a set of guidelines and
not as a manual. The term "manual'' implies a series:of
step~by-step procedures with Its inferred inflexibility.
The variability encountered in sampling various media from
different geographical regions and with different program
objectives, precludes the establishment of fixed methodologies,
in a2 mamual.form.

2. The report was to apply primarily to the type of ambient or
trend monitoring as defined in the charter of the Monitoring
Panel. Thus, monitoring as included in the National Pesticide
Monitoring Program, is defined as the repeated sampling .and
analysis of components of the enviromment to produce estimates
of pesticide residue levels in these components and the changes
in these. levels with time

3. The report was to be designed for use by people with some
familiarity with field sampling operations although not
necessarily with ambient sampling for pesticide residues.
Such people will most likely be associated with a federal or
state agency, university or large private contractor involved
with an extensive monitoring program..

4. The report was to consider both the statistical aspects of
sampling as well as the field sampling procedures necessary to
implement a large scale monitoring program as exemplified by the
National Pesticide Monitoring Program. This Program is presently
designed to include the following components: air, soil, water,
estuaries, freshwater fish, birds, food and feed, and human
tissues. The guidelines were to be developed around these
components.

This report represents a first effort only, and the, task group fully
recognizes the need for updating and modifying these guidelines as time
goes by. The format of the guidelines is designed to facilitate such updating.
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CHAPTER I - Statistics and Study Design

The concept’ of ."taking a. sample” is a familiar one. Loosely, it is
implied that a sample is some part, genmerally small, of a larger entity.
The concept of the sample being "‘representative” in the statistical

sense is not s¢ well known. It is through the quality of representative-
ness that information from samples can be used to make numerical statements
characterizing the universe from which they come. '

To conform strictly with statistical criteria, procedures for selecting

a representative sample require that: : :

1. The total number of units or amounts of material (universe)
that the sample is to represent be clearly and uniquely definable.

2. The sample. of samples from the. universe be-selected by .a
method which gives all parts of the universe a definable
chgpce of appearing (random selection).

3. More than one sample be taken from each universe under
investigation unless the reliability of the sample to be
Tepresentative has been pre-established. -

4. If the reliability of the representativeness is not know, -
enough samples will be selected from the universe sa that a
desired level of reliability-will be achieved.

It can be noted that there are problems to be solved by sampling which do
not requlre that the samples be representative. Frequently in regulatory
work the aim will be to determine the maximum (or possibly minimm) value
which can be found in a sampling unit from a given universe. This aim
can be met -at minimum cost by following principles of random selection ami
designed search.

A sampling program may be properly designed to provide adequate definition of
local conditions er universes. It is generally not possible to consider
these local universes as subuniverses of a broader of national umiverse.
Many mistakes have been made by not recognizing this fallacy. "If, however,
the large universe is considered in the design and the subuniverses are
selected by statistical principles then representative samples from these
subuniverses can be used in making inferences about the large universe.

A basic premise in-statistical thought is that tany phencmena are incompletely
or ‘inadequately described.by a single measure. The average,- mean, median.

or some other measure of centrality is too often used: as an: index for -
description of a set of samples where much: of the information in the set
reflects the spread around the central value. Statistical usage insists

that estimates of at least two parameters be considered for descriptions

based on sample information. The two parameters most frequently estimated

are know as mean and standard deviation.
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Underlying the specification of estimates of two parameters for definitions
is the concept of distribution or probability distribution. Even a well
defined universe from which a 1arge number of samples can be taken would
exhibit for all possible samples an almost continuous spectum of sample
values against probability of attaimment of these values. Hence, if
enough random samples are taken from a umiverse, a good definition of

the possible values from that universe can be made as well as estimates

of the chance that certain specified values will be exceeded.

For example, suppose that the res sidue level of a pesticide in the eggs
produced for human consumption in a state during a given period can be
considered as a well defined umiyerse. A well designed program of taking
random samples from this universe¢ would provide an approximation of the
distribution of these residue leyels and from this approximation, the chance
that residues exist in excess of'any prescribed level can be estimated with
an order of reliability dependent on the number of samples used in defining
the distribution..

The challenge might be raised that the method described above presents

the probability that levels of résidues exist which have not been observed
in any sample. This is true. TFdr example, a set of samples might contain,
no chserved residues above 0.1 prm but the estimation of a distribution to
fit the set of samples might imply 1% of all possible samples could be in
excess of 0.1 ppm. The examination of the reliability of this estimate
might result in the confidence statement '"there is a 5% chance that more
than 1.3% of all possible samples could have values in excess of 0.1 ppm".
If the implications of this result are serious, -the estimates and the
confidence statement can be improved only by obtaining additional and
properly desigried sampling informatiom.

The general principles implied here will be basic for obtaining and treating
sample information from all components of the natural environment. Certain
components will introduce special problems and require special methodology
to meet the general principles.

i
Thé need for a universe to be welll defined has been referred to above. Tt
is easily recognized that the. more homogenous a universe 1s, the number
of samples needed to provide an adequate description of that universe will
be smaller. Thus, it is generally advantageous to divide a universe, prior
to samplings into “subunits which are known to be more homogenous within
themselves, when this can effectively be done. This valuable concept is
called stratification. :

!
As an example, in the national plan for sampling pesticide residues in
soils, two strata were defined. These strata were called cropland and
noncropland. The names are somewhat self explanatory and the fact that
somewhat different pictures are expected of the pesticide residues in the
two strata is readily recagnlzed. At the time the project was plammed,
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subdivisions into many more strata were propased. These were difficult
to define clearly and hence were not considered. The principle was .
correct but the means for achievement were unavailable.

In planning aun “investigation to define the levels of some deleterious
element im a component of the natural environment on a regional or
national basis, it would be advisable to review all the recorded data now
in existence. It will generally be found that these data have not come
from a program designed according to statistical principles. Hence it
will be incorrect to extrapolate from these results knowing that if such
an action is tried, no assessment of reliability can be given for the
estimates presented Nevertheless, these data meed to be. examined to

get some feeling as to the type of values that may arise.” Also the
records will give valuable information for defining strata and estimating
numbers of samples needed for a plamned investigation. When all
available.background: is. considered, a pilot study for seme region or -
stratum should be planned. While the pilot study is being expedited, the
plamning for an operational program can begin. The latter may need to

be modified after the results of the pilot study are assessed. A program
for a national study needs frequent points at which the results will be
reviewed, and an understanding that modifications will be quickly made
when these results suggest that preconceptions may not have been correct.
There is a concept very widely held that after a plan for an investigation
is presented it should never be altered no matter how badly it works.

Many programs have produced less than optimum results through this wrong-
headedness. Tt -is just as easy to produce and -operate a program which
permits feedback and modification when the mature of. the findings indicate
that changes are desirable.

A caution must be kept ‘in mind in dealing with the type of data that
arises from most investigations of residues. Any well designed program
is likely to show most of the sample results to be in the "nondetected"
category. This means that generally a rather Iarge mumber of samples
must be taken to achieve a reasonable picture of the distribution.. A well
defined estimate of the mean or other central value is gemerally difficult
to express. The types of summary statements depending on assumptions

of the distributional form have. not received full acceptance. Unless

an acceptable alternative can be proposed, the methods based om a
distributional assumption is recommended.

In applying the above principles to the evaluation of pesticide residues
in soils by a sampling program, we immediately recognize a potential
difference in.distribution depending on whether persistent or.nonpersistent
chemicals are under consideration. The least elaborate program can be
designed for the definition of the persistent chemicals.. Stratificatiom -
according to two or more.use levels would be in order. '

The problem of detecting changes with time can be approached by taking
samples at the same locations at intervals of several years if no
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additional pesticide is applled in the interval. If the application
is yearly, the sampling program heeds to be modified accordingly.

In dealing with nonpersistent chemlcals the time since application
needs to be considered in prov1d ing an approprlate stratification
system. Changes with time in terms of years may have little interest
but changes by month or even days may be the information desired.

Even if yearly or more frequent applications of a chemical under
consideration is the mature of its use, the date of application is an
element to be considered in making a meaningful plan for its evaluation.
A general plan to provide est:mafes for both the easy and difficult
problems needs to be primarily gulded by planning to meet the difficult.

The general evaluation of pesticide residues in water is inherently

more difficult than for soils. Thus separation into watershed units
neglects consideration of samples from large rivers. A succession of
sanples along the course of a large river might suggest successive integra-
tions which would permit earlier |fractions to be subtracted but the
validity of this procedure needs jto be established. It has been pointed
out that the sampling of waters may be considered not only for estimating
the residue load coming from the land but also for estimating the residues
headed for lakes or the sea. For many residues, however, a lengthy time
of transport may change their character by dep051t chemlca.l Teaction,
etc., and hence a good deflm_ta.on of upstream waters may not provide a

- good predlctor of the quality further downstream. Experience in the Hudson
and Chesapeake estuaries has demonstra.ted that an integrated sample across
the estuary at any time would be 2 poor indicator of the nature of the
waters at some other time. An mtegrated sample cross channel and over

a full tidal cycle is needed for a firm measurement.

The basic geographlc stratlflcatmn for an -air sampling program should
recognize regions with larger concentratlons of populations and/or industry
as needing the heaviest sampling rate These regions should be mapped as
larger then standard metrqpohtan areas. Possibly two additional strata;
low and moderate population densi t:ies should be considered.

The problem of recognizing classes of prevailing meteorclogical conditions
needs to be met. Certain areas such as southern California and the Great
Basin are examples of air masses that have a tendency to be stationary for
lengthy periods and which form a recognizable category. There are other

. areas where such stagnation may 8&15t for only short periods. How these
conditions should be considered for planming purposes is uncertain.

The foregoing discussion outlines the range of statistical considerations
~which a plamner must draw upon in setting up any sampling procedures for

a monitoring program. Specific choice of statistical methodology and computa-
" tional details for such methodology are obtainable -from several basic-texts.

A brief list of the more widely used texts is provided .
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CHAPTER I - AIR

Monitoring ambient air for pesticide residues is technically difficult

at present because the fundamental-technology necessary-for such a
program is still being developed. The physical-chemical behavior

of airborne residues, i.e., duration of vapor stage, factors governing
particulate adsorption/absorption and desorption, influence of water
vaper, etc. and the pattern of geo-physical effects are all largely
unknown and must be defined to optimize sampllng efficiency. Ambient
air monitoring is also difficult because it is possible that an unlimited
range of pesticide residues are present requiring identification and
measurements .at microquantity concentrations that vary widely with
geography, season,. local pesticide usage and altitude. Various
nonpesticide air pollutants may alsobe collected during the sampling
process and may subsequently interfere with analysis.

1
Specific guidelines for air sampling in comnnection with monitoring
pesticide residues in ambient air cover four areas listed below.

PROGRAM DESIGN
Goal Identification: Clear definition of the purpeose of the contemplated

rmonitoring program is essential to the success of the program and
will direct many of the decisions required in preliminary planning.

Sampling Site. Criteria: The criteria for sites will be guided by
and are mgportant to’attaining the program goal. Criteria must be
‘selected after cousidering a variety of conditions such as geographic
divisions, prevailing weather patterns, pesticide usage patterns,
cropping population concentrations, elevation above ground level or
above sea level, etc. Service requirements such as power -supply
and travel time mustalsobe considered. The attributes of sampling
sites must be defined before a monitoring design is developed..

Statistical Demgn This is most important in assuring that collected
data 1s unbiased and can be treated statlstl.caﬂy to determine the.
significance of findings. The statistical des:.gn provides for the
selection of sampllng sites on a random basis, insuring that egual
consideration is given to sites that meet the established criteria.

Nature of Sample: A sample of air may be coliected continuously
or miermitiently depending on restrictions imposed by monitoring
goal, program design, sampling equipment capability and analytical
factors. The parameters of a sample must therefore be defined in
these terms and expressed.as.a volume of airto be sampled..

Sampling Frequency: Samples may be collected as. ofien as indi-
cated by the esiablished monitoring goal and statistical design so
long as this is consistent with available laboratory support.
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Ancillary Information: Measurements of such variables as temperature,
windspeed and direction, prec1pxtat10n, etc. along with information about
the sampling locality and pesticide usage is helpful in the interpretation
of ambient air monitoring results. Need for or value of such ancillary
information must be predetermlned and arrangements made to obtain this
information at the time of sampling.

ANALYTTCAL SUPPORT

! L]

Sampling and analysis are distinct parts of any monitoring program.
They are interdependent, however, since each controls certain aspects
of the other. Tt is necessary to make certain decisions about the
analytical phase at this point in program planning because these
decisions will control such things as the volume of air to be collected
in each sample, the maximum tolerated delay between sample collection
and analysis, and sample handllnp, including transport and storage.

Residues to be Monitored: The Varlety of pesticides potentially present
in ambient air together with the limited number of multi-residue
techniques available means that target residues must be carefully
selected to meet program needs within available analytical support
limitations. This also is 1mportant in selection analytical procedures
to be used.

Analytical Procedures: These must be of such sensitivity and specificity
to permit detection and identification of the desired compounds at the
levels at which it is ant1c1pated that they will be present.

Confirmatory Procedures: These are necessary because of the unlimited
variety of pesticide residues potentlally present. Such procedures

are generally less sensitive thar the basic amalytical procedures and
require additional analytical time. The investment of these resources

is imperative, however, to substantiate the identification of the residues.
1

Reporting: Details must be estabilished for reporting amalytical findings,
1nclud1ng units of reporting (weight per volume of air, particulates, etc.).
These should be selected to assure reporting in whole mumbers as much

as possible. |

SAMPLING EQUIPMENT ‘

Sampling Equipment must be selected which can operate within the criteria
established for the site.

Construction: Equipment should be constructed for durability in a
variety of climatic conditions, yet be light enough to facilitate trans-
portation. It may be constructed of any materials as long as the air
stream 1s not exposed to contamlnants or otherwise modified prior to

sampling,
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Calibration: Each sampler should be testedupon installation in the

field to assure that it is working properly and to calibrate the actual
air flow air-volume gampled.

Pre-testing: Equipment and trapping reagents should be tested with
regard to the selected residues for sampling efficiency, and retention
at the planned air flow rate.

FIELD OPERATION

Action must be taken to assure field operation by the desired para-
meters.

"Sampler Location: This should be standardized. The intake passage-
should be as short as possible teo decrease residue loss through
" absorption :at the inlet. There should be free access -omnall sides
to ambient air. This should be no less than 5 feet above ground
level to avoid surface turbulence. If exiernal power is required,

a source must be available,

Servicing: A schedule should be established for regular servicing
and prevertive maintenance as indicated by the sampling equipment
and schedule Glassware should be cleaned after each sampling
interval.

Sample Handhng, Storage and. Transport: Do not disregard the .
importance ol these in ihe overall program.. They are vital im
preserving collected residues for analysis. Collecting reagents
should be placedin chemically clean screw top glass containers with-
aluminum foil or other non-reactive liners and refrigerated.
Transport to the laboratory should be by the most rapid practical
method. .
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CHAPTER IIT - Soil

It is the purpose of this chapter to review techniques of soil sampling
capable of application to pesticide residue estimations in soil: the
types of sampling equipment, shipping and storage, and soil properties
used for correlation with residue levels. Most of the information is
drawn from the open literature, as well as from the methodologies of
govermment agencies actively involved in monitoring pesticide residues
in soil. '

Compared with analysis for soil nutrients, sampling for pesticide residues
is relatively new. However, many of the basic concepts which guide
sampling for nutrient studies can be utilized in residue monitoring. Cline
(1)} in his classic work on soil sampling, endorsed the concept that soil
should. be considered a volume to be sampled, not merely-an area. Soil

is also a heterogenous medium, i.e., most of the physical and chemical
properties are not uniform along all dimensions. However, within a limited
spatial area, a soil body can also be considered-homogeneous, with respect
t0 soil type, vegetation and cultural practices. Therefore, any good
sampling plan must recognize and attempt to minimize these variations im,
order to obtain a sample which can give an accurate estimate of the’
parameters under investigation.

GENERAL SOIL SAMPLING CONSIDERATIONS

Sampling Error vs. Analytical Error
Several studies have demonstrated that field error is much greater than

analytical error in soils testing (1,2,3,4). Therefore, the fi€ld sampling
methodology should aim at minimizing this error.

Disturbed vs. Undisturbed Profiles

On cultivated agricultural land, cultivation has mixed the upper horizoms
of the soil to a fairly homogenecus- layer called the plow layer. or furrow
slice. Organic matter, usually concentrated at the surface is umiformly
incorporated. On uncultivated land or forested land, the layer of

organic matter is usually present at the surface and acts as an efficient
receptor and retainer of many pesticidal compounds. Organic matter is a
highly donic soil fraction and, along with the clay fraction, is responsible
for most of the adsorptive capacity of a soil. A large percentage of the
pesticides applied to this type of site will be held in the organic layer.
Depending on the main objectIve of sampling, uncultivated lands may be
sampled by one of the following methods:

a. Collecting separate samples of both the organic layer and the mineral
soil horizon beneath it.
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b. Collecting a composite sample m which the organic and mineral
soil fractions are mixed and treated as the sample.

c. Removing the organic layer at e=ach core site and sampling only the
mineral soil. )

Urban Soils ‘
Urban areas present unique problems for soil sampling. Here distinct
profiles may be almost non-existent. Practically nothing would be
gained by sampling deeper than the top 5-8 cm (2-4 inch). Sampling
personnel should be aware that the'surface layer of urban soils often
contains a number of foreign contaminants, such as broken glass, nails,
bricks, etc., which should be eliminated by sieving. For samples
contaminated with oil or other non;natural liquids, notation should be
made on the sample collection form.: so that analytical procedures can be
appropriately modified.

Depth of Sampling :

For most pesticide sampling situations, collecting soil to a depth of
5-8 cm (2-4 inches) is sufficient. Most of the persistent pesticides and
many of the less persistent pesticides remain at or near the surface.

Sampling Horizons vs. Set Depths

If sampling at depths greater than'30 cm (12 inches) must be done (as
in monitoring for a water-soluble compound}, it is advisable to collect
samples at pre-selected depths from the surface rather than attempt to
sample a particular soil horizon(s). Most field personnel do not have
the necessary expertise in soils tq identify particular soil horizons
over a variety of soil types and geographical area. In addition, the
cests for this type of sampling method would be prohibitive for all but
the most limited applications, since a trench must be dug to expose the
profile or specialized equipment such as a split~tube sampler or earth-
drill-bucket auger combination must be used.

SPECTFIC' CONSIDERATIONS FOR PESTICI;BE,RESIDUES

Contamination - In any sampling program for pesticide residues. Contamination
of samples presents a significant sourc:e of error. Since soil is an aqueous
system and most pesticides are either insoluble or only sllghtly soluble in
water, the probability of carrying jresidues from one sample site to another
on samplmg equipment, ~chicles a:nd clothing is high. The use of the
following proper sanitation procedures cammot be overemphasized: -

All tools and equipment used in residue monitoring should be constructed
of metal and be easily cleanable. Wood should not be used for con-'
structing equipment. Tools must be thoroughly cleaned umnedlately

after sampling a site. Scrub with a brush and water, then rinse

with an organic solvent such as alcchol or acetone.
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Sampling tools and equipment ideally should be wrapped in clean
cloth bags and subsequently transportéd or stored in large, heavy-
gauge plastic bags, sealed with masking tape or cord. They must
not be stored near any pesticides or in a building used for
storing pesticides.

Vehicles which have been used to haul pesticides should be -
avoided for collecting samples if at all possible. Before using
any vehicle, it should be thoroughly cleaned.inside and out with
soap or detergent and hot water and rinsed.

Clothing, gloves and shoes that have been exposed to pesticides
should not be worn when sampling unless they have been thoroughly
cleaned. Neoprene work gloves can be used in sieving soil but
must be washed with alcohol and air dried between samples.

Type of Pesticides - The properties of the particular pesticide or:group

of pesticides under investigation will determine ‘many aspects of the
sampling program and the subsequent handling of the samples.. The following
should be considered:

Persistent - Samples. containing. less persistent compounds may- have to. be
collected sooner, given special handling and extracted sooner than samples
containing persistent compounds.

Solubility, Volatility, etc. - Water-soluble compounds are likely ta.be
found slightly below the surface rather than right at the surface.

Use - Placement of pesticide in relationm 'to target specfeStor‘crop
affects the spatial distribution of the soil sample..

GENERALIZED SAMPLING METHOD

Statistical Design - Unless a sampling program has a statistical basis,

the data generated by it is not likely to be representative of the area
sampled and comsequently the effort will be wasted. The most advanced
analytical methodologies cammot improve upon a paorly taken sample. TIno
general, the sampling sites should represent a percentage of the total areas
to be sampled (1,e , one sampling site per specified area.of land}. Total
area sampling is essentially impossible as well as wasteful of both time

and money, and the increase in precision cannot justify the resource
expenditures.

Site Size and Number of Cores - In.general, the mumber of cores should be
enough to adequately sample the variation present within the site. The
National Soils Monitoring Program, operated by the Envrionmental Pratection
Agency, uses the following site sizes and core numbers:
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SIZE NO. OF CORES

National program (cropland) 4 ha (10 acres) 50
Urban monitoring X 225 sq. m (270 sq yds) 16
Core dimensions: 5 cm (2”) in diameter x 8 cm (3.5')in depth.

The cores should be taken in a grid pattem over the entire site. The
grid insures uniform coverage of the site and is easier for nontechnically-
trained, field personnel to master.

Compositing - For assessing the residue levels on several sites over a
large geographlc area, comp051t1ng the individual cores from each site to
one sample 1s recommended. It 15 the most economical method of obtaining
the mean residue value. If any statistic other than the mean is desired,
the composite sample should not be used.

Sample Preparation - The soil cores taken from the site should be sieved

and thoroughly mixed. Although a 10-mesh sieve (2 mm opening) would be
preferable, a larger mesh should probably be used to compensate for the
wide range of moisture conditions encountered in the field (the National
Soils Monitoring Program uses a 3-mesh sieve with 6.3 mm opening). If the
sample is too wet to sieve, it should be air dried on aluminum foil wmtil
sieving can be accompllshed SlPVlng removes the coarse soil fractions and
undecomposed organic debris. The sieved sample should be sub-sampled as
necessary to fill the sample container, sealed and labeled. All sample
containers should be clearly labéled as to site location, material class
and date. Site locations should: be marked on a county map or otherwise
recorded.. If agricultural land is being sampled, a pesticide use history
should be obtained from the landowner or operator. This use histery should
be sent with the sample to the analytical laboratory.

SAMPLE SHIPPING AND STORAGE .
Proper handling and storage of sémples after collection is just as important
as proper sampling techniques.' Careless shipping or storage can lead to
sample contamination or degradation of the sample.

Sample Containers - Containers fbr pesticide monitoring samples should
protect the integrity of the sample during transport. There are several
kinds available.

Metal - Metal containers offer a Tlgld structure that can protect the
sample during shlpplng They should be rinsed in acetone or alcohol and
air-dried before using. Metal containers may be more expensive.
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sandy soils. Most tube samples tend to be slightly compacted. Open-
sided tubes permit observation of the core before removal. The most
often used diameters are from 2.5 - 7.6 cm (1-3 inches). A uniform
depth of sampling can be maintained by painting a line on the side
of the tube at the desired depth or fabricating a metal collar to
restrict vertical penetration.

A few types of split-tube samplers can also be either purchased or
fabricated. These consist essentially of a tube within a tube. Most
are used in comnection with a power auger system. After the core is
taken, the outer tube is removed and the actual sample used is that
contained within the inner tube. This method is very good for
minimizing contamination between soil horizons, but is also much
more expensive, and time-consuming. Its use for most pesticide
monitoring situations is not recommended.

SOIL TESTING |

The fate of pesticides in the soil is determined by several factors,
including the physical and chemical properties of the medium itself.
Most adsorption of pesticides in soil can be correlated to the
percent organic matter and the clay content. A few simple tests
can give a more complete picture of the soil-pesticide complex. .The
properties most often tested are: percent organic matter, soil
texture and pH. Methodologies for all tests are given in many
handbooks (5,6)

Percent organic matter - Loss on ignitiom is the simplest method
and requires no special equipment or chemicals. Each sample is
weighed, the organic carbon is burned in a muffle furnace, and the
sample is weighed again. If large mumbers of samples are to be
tested, the chromate titration method (Walkley-Black) may be used.

H - Values for pH can be determined using a pH meter. The determina-
tion is relatively quick and simple; it is easily adapted to large
numbers of samples.

Soil teiture ~ Texture of soils is expressed in percentages of sand,
silt and clay. The hydrometer method is generally the easiest to use.
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CHAPTER IV - THE HYDROLOGIC ENVIRONMENT

Pesticides are distributed throughout the hydrologic environment--
the atmosphere, precipitation, surface water, ground water,. sus-.
pended and bed sediments, flora, and fauna. Measurements in each
component are equally important, and validity begins immediately
upon sampling. Irrespective of scrutiny and quality control applied
in performing laboratory analyses, reported data are no better than
the confidence that can be plac:ed in the representatlveness of the
sampling (1}.

This chapter directs attention to the occurrence Of pesticide residues
in water and sediments, sampling techniques for obtaining representa-
tive samples, and sample handling and preservation.

OCCURRENCE. OF PESTICIDE RESIDUES

Pesticide residues have been detected in all components of the
dynamic hydrosystem, attesting fo the ubiquitous nature of the
residues. The occurrence and distribution of residues are as diver-
gent as the components. Concentrations range from the generally
accepted lower detection limit of 0.0Ll/ug/I {micrograms per liter)
in filtrates to 100, 000 times this value in particulate matter
separated fromthe same aqueous samples, The environment ranges
from the most humid fo the driest. Residues may originate from
local applications, industrial or urban discharge, or as fallout
transported from remotie areas..

Preliminary results of an investigation of pesticide residues in
runoff to streams draining different land-use areas in central
Pennsylvania indicated that the concentration of the DDT family
sometlmes is directly correlated with suspended-sediment concen-
tration{d). This is particularly true for the chlorinated hydrocarbon
pesticides which are only sparingly soluble in water and tend to sorb
on sand and clay particles being transported a:ad/ or deposzted irr
the water hody..

In the case of the more soluble pestlmdes, including organophosphate
and carbamate insecticides and many of the herbicides, dispersion
of the pesticide residues is more dependent on the vertical and lateral
mixing within any given cross section of abody of water, The hydro-
logist collecting the samples must, therefore, not only be familiar
with the mixing characteristics of sireams and lakes, but also have
‘a good understanding of the role of fluvial-sediment transport and
deposition.

SITE SELECTION

Many factors are involvedinthe proper selection of sampling sites,
including the following: objectives of the study; accessibility; flow,
mixing, and other physical characteristics of the water body; pesticide
source locations; and personnel and facilities available to conduct
the study.
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Objectives - Different agencies will have different objectives for
determining the concentrations of pesticide residues in streams or
lakes, .Assuming that most water-oriented studies are based on
evaluatingthe effects of overland runoff, ground water inflow and/or
waste disposal into our waterways, the study can usually be tied to
the physiographic features of the area under consideration. In
most cases, the guality of water flowing into a lake or past a parti-
cular point along a stream can be related directly to inputs within
the drainage basin which includes the entire drainage area upstream
of a selected point. Therefore, whether the basic objeciive for
the monitoring program be reconnalsance, long ~term trend evaluation,
or solving specific problems, the first siep in the study is to de-~
fine the appropriate hydrological boundaries and then establish the
sampling site locations above and/or below these boundaries
accordingly.

Accegsibility - Accessibility to any sampling site is an obvious re-
gquirement and can often be :directly related to sampling costs.
Brldges are normally the firgt choice for locating a sampling station
since they not only provide ready access io a stream but they also
permit sampling at any point across the width of the stream.
Samplmg locations on lakes ag well as those on larger rivers may
require the use of a boat. Frequen‘cly, however, the use of a boat
will not only take more time in traversing a stream, it may prove
difficult in the manipulation of the sampling equipment.

Physical Characteristics - The ideal sampling station would be a
cross section of a stream (or lake) at which samples from all
points on the cross section would yield the same concentrations
of all constifuents, and a sample taken at any time would yield
the same concentrations as dne taken at any other time (2). This
situation never persists in nature for any length of time which points
to the need for careful site sélection which will, as nearly as poss-~
ible, provide uniform flow and good mixing conditions. Any un-
ceriainty regarding the umformﬂy of flow or the completeness of
lateral and vertical mixing may be resolved by taking multipoint,
depth-integrated samples andlcompositing the samples prior to
analysis.

Availability of streamilow and/or sediment discharge records can
be an important consideration fin the selection of pesticide sampling
sites on streams, Adequate chscharge data are esgential for estimat-
ing the total loads carried by the stream. If a gaging station is
not conveniently located on a selected stream, the hydrologist should
explore the possibility of _obtaining discharge datz by direct or
indirect means.

Source locations ~ The hydrologist must be aware of the locations
of any point sources of pesticide discharges (such as formulating or

manufacturing plants, sewage outfalls, etc.) so that he can select
sampling sites which would reflect the conditions get forth in the
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objectives. Representative measurements of a pesticide load at a point
. on the main stream that is close below a source of waste inflow or a

tributary stream is highly impractical. The inflow frequently hugs

the stream bank with very little lateral mixing for some distance. A

solution for avoiding this situation is to select a station site above

the waste source or tributary stream, or to move the site far enough

downstream to allow for adequate mixing.

Personnel and facilities - The sample collector visits the stream or
lake under investigation more than anyone else involved in the study.
An experienced, observant, and conscientious fieldman can contribute

a great deal to any monitoring study. Therefore, anyone who wishes to
achieve good proficiency in the planmning and conduct of monitoring
programs will be well-advised to spend a reasonable apprenticeship in
the job of sample collection.

The fieldman should make all preparations posszble before starting on
his sampling assignment. This is best accomplished from a centrally
located field office where a workshop is available to make any mnecessary
repairs or adjustments to sampling equipment, beats, outboard motors,
trucks or cars as appropriate.

SAMPLING TECHNIQUES

Water - Sample collection in the water colum varies in degree from the
simplest of hand sampling procedures at a single point to the more

. sophisticated multipoint sampling techniques known as the equal-discharge-
increment (EDI) method or the equal-transit-rate (ETR) method-(3).

Generally, the number and type of.samples to be taken depends on the
width, depth, stream discharge, and the suspended sediment being
transported. In the sampling of lakes, a number of samples can be
collected at selected grid points and then composited or a single
sample can be collected near the center of the water mass, depending
on the size of the lake. In any case, the larger the number of :
individual points sampled the more nearly will the composite sample
represent the water body.

Water is often sampled by filling a container held just beneath the
“surface of a body of water. Published data and discussions by investi-
gators reveal that a high percentage of samples have been obtained

in this manner (commonly referred to as a dip or grab sample).. Using

a weighted-bottle holder which allows the bottle to be lowered to any
desired depth and returned to the surface improves on this method. If
the hottle is lowered to the bottom and raised to the surface at a
uniform rate, the resulting sample will roughly .approach the collection
of what is known as a depth-integrated sample.

A true depth-integrated sample is collected by means of a depth-
integrating sampler which Integrates discharge as a function of
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depth. Sediment is maintained in suspension because of velocity and
turbulence. Velocity varies from the water surface to the stream bed,
being generally highest near the surface and lowest at the bed.
Sediment concentration varies also from the surface to the bed,

being lower at the surface and greatest at the bed. Fine sediment
(finer ‘than about 0.062 mm) is easily kept in suspension and is
distributed relatively unlformly throughout the depth of flow.
However, as particle size increases, more energy is required to main-
tain suspension in a given flow and the average size of sediment in
suspension increases from the 'surface to the bed. Depth integration
is used to collect a water-sediment sample that is weighted according
to velocity at each increment of depth. This means that the water-
sediment mixture must enter the sample container at the same velocity
as the flow passing the intake. If the depth-integrating sampler 1s
lowered from the surface to the bed and back at the same transit rate,
each increment of flow. in that vertical is sampled proportionately
to the velocity.

The open-mouth weighted bottle sampler, therefore, does not collect a
truly representative sample in a flowing stream if there are many
particles coarser than about (.062 mm carried in suspension. Another
disadvantage in using an open-mouth bottle sampler in flowing streams
is that there 1s no assurance as to when the bottle becomes filled, com-
pounding the uncertainty that 'the collected sample truly represents the
distribution of both dissolved and suspended material in the sampled
water colum. This method of [sampling may be extremely poor for
flowing streams but may be used effectively for slow-moving bodies

of water such as ponds,. lakes, and estuaries.

One sampling technique currently accepted by hydrologists for use in
sand-bed streams is the equal-transit-rate (ETR). With this method
standard suspended-sediment samplers are used to collect a velocity-
weighted.sample. Samples are taken at a number of equally spaced
verticals in the cross section depending on stream width. The transit
rate of the sampler, which is ‘the rate of movement of the sampler from
the surface te the bed and back to. the surface, is the same at all
verticals. Samples collected 1n each vertical are all composited into
a single sample representatlve of the entire flow in the cross section.
In this manner, the composite sample of the water-sediment mixture
flowing in the cross section is velocity- and discharge-weighted.

It is recommended that all water samples be collected using depth-
integrating methods whether the samplers are hand held or cable- and-
reel suspended. The only exception would be in the case of very'
shallow streams where the depth is iInsufficient to allow true -
depth-integration. In such cases dip samples collected at one or
more verticals across the stream would be appropriate; however,

the sample container should be!carefully'held beneath the water
surface in order to avoid stirring up and entraining bottom sediments.
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The number of verticals at each sampling site will usually be decided
by the fieldman. For small streams, a depth-integrated sample taken

at a single transverse position located at the centroid of flow is
usually adequate. Larger streams require selection of several verticals
at centroids of equal-discharge-increment (EDI). This method requires
that the fieldman have some knowledge of the streamflow distribution

in the cross section before sampling verticals can be selected. To make
the EDI measurement when prior streamflow data is not available, it is
first necessary to determine the total discharge across the stream
chammel and then subdivide the cross section according to incremental
discharges.

The mumber of verticals required for the equal-transit-rate (ETR)} method
depends on the streamflow and sediment characteristics at the time of
sampling as well as on the desired accuracy of the ‘result. For all

but the very wide-and-shallow streams,. twenty verticals are usually
sufficient. ,

Obviously, the multipoint sampling techniques can become very time
consuming and, consequently, expensive. An alternate method often
used consists. of sampling at the quarter points or other equal
intervals across the width of the stream. Composite samples obtained
from individual samples collected at the quarter points can be fairly
representative in most cases, providing that the stream cross section
was properly located.

Lakes can be sampled on three-dimensional grids consistent with the
shape and depth of the water body; however, small ponds or lakes are
usually sampled at a single vertical which should be near the center

of the water mass. Distribution of sampling locations in large bodies
of water will be largely dependent on manpower and financial restraints.

Bottom Materials <- Bottom sediment samples are usually taken at the
same horizontal locations at which water samples are collected. A
bottom sediment sample may consist of a single scoop or core, or be a
composite of several individual samples. in the cross section.

Pesticides sorbed in bottom material, irrespective of the ratio of
inorganic to organic composition, may reflect an integration of chemical
and biological processes. They serve the indispensable historical role
in reflecting input to non-scouring streams, lakes, and estuaries with
respect to time, application of pesticides, and Iand use. Recalling that
fluvial materials tend to settle out during periods of low streamflow
or of calm conditions In lakes, and are additive to solids.that have -
accumilated on stream beds or in lake bottoms, periodic sampling of
water overlying these deposits might not reveal the presence of
pesticides, yet they may be found in the solid material which acts

as e sink and reservoir.
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The loss of 1ow—density deposits must be kept minimal during any
sampling process, requiring a bottom-material sampler that is
capable of collecting and retaining the "'fines" which sometimes
contain the highest concentration of pesticide residues.

Few data have appeared in the litersture regarding the presence of
pesticide residues at the llquld -s0lid interface or in the hydrosol
area. Depending upon ambient physical, biological, and chemical

_.controls, residues may be transformed into metabolltes, degraded

or taken into solution. Further study of these processes is an
open and challenging field of endeavor. An evaluation of this
portion of the hydrosystem is essential to comprehensive assessment
of the occurrence and distribution of pesticides.

Sampling Devices - To overcome the problem associated with collecting
Tepresentative samples, equipment that has been specifically designed and
thoroughly tested is favored. In most instances, samples for pesticide
residue analysis are best collected with the same equipment and
techniques used for the collectipn of suspended-sediment samples.

Several depth-integrating sampleps are available and suitable for

this purpose. In shallow streams and wetlands that can be waded, the

US DH-48 suspended-sediment sampler can be used successfully. The Us
DH-59 suspended-sediment sampler! was designed to be suspended by a
hand-held rope in streams too deep to be waded. Both of these samplers
are simple and of clean design us:mg a container which is easily inserted
into position and held firmly by spring action. The US D-49 suspended-
sediment sampler has been used for mamy years in collecting depth-
integrated suspended-sediment samples in the larger streams and rivers.
It is provided with a choice of nozzles - 1/8, 3/16, and 1/4-inch in
diameter, with which inflow of the water-sedlment mixture can be
controlled. The D-49 sampler, which weighs about 60 pounds,

is suspended on a cable and Oper:?ted with a reel attached to a boom.

The open-mouth mlghted—bottle sampler, which is available in many sizes,
is acceptable for use in lakes and slow-moving streams having little
suspended sediment. The sample bottle is inserted into a weighted
holder to which a rope is attached as a means for suspending the sampler.

Bottom deposits present a more difficult set of sampling conditions
than those in the water colummn in streams or lakes, primarily because
of the varying firmnmess of bed mdterlals The US BMH-60 bed-material
sampler is a 30-pound impact type sampler designed primarily for use
in sand-bed streams. However, it works equally well for firm and
partially consolidated bottom materials. One man can collect samples
with this sampler under most COIldlthIlS. The bucket takes a bed-
material sample that is approximately 2.2 x 5 x 1.7 inches. This
sampler can be used in about 75%lof the river miles across the United
States and also in many small laKes and reservoirs.
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In large lakes or estuaries bottom sediment samples are usually
collected with various types of dredges including the Ekman, Petersen
and Shipek dredges. ' The Ekman dredge is widely and successfully
used for soft bottems. The Petersen dredge can be used for taking
samples on hard bottoms such as sand, gravel, marl and similar
materials. The Shipek dredge is a spring loaded sampler for use

on all types of bottoms, but is especially useful in collecting

and retaining the "fines" obtained from deposits of sand, silt

or clay.

Numerous investigators prefer to collect core samples when interest is
primarily in obtaining historical data, and provided the bed is
sufficiently compacted to be sampled with a coring device. Though
value of this type of sample should not be minimized, fresh deposition
is of prime importance in a continuous evaluation. of the occurrence,
distribution end movement of pesticide residues.

Most core samplers lack positive seals to hold a core or moist sample in
place as the sampler is withdrawn from the water. The Controlled-Depth
Volumetric Bottom Sampler described by Jackson and the Core Sampler

For In Situ Freezing of Benthic Sediments designed by Gleason and
- Ohlmacher are examples of efforts to overcome the drawbacks of the
common core sampler and to provide the investigator with reliable
equipment (1).

Little progress has been made in developing equipment to collect:
representative samples at the liquid-solid interface because it is
difficult to sample without disturbance. The Gleasom core sampler
offers an advantage in sampling this interface because it can be
used as a point sampler. The Hydrosol Sampler designed by Lawrence
may be used in many sampling situations.

SAMPLE HANDLING AND PRESERVATION

Deteriorated samples negate all the efforts and cost expended in
obtaining good samples. Cleansed, narrow mouth glass bottles
equipped with Teflon-lined screw caps should be used for the water
samples collected by the various depth-integrating samplers. Bottom
materials containing a high percentage of water and composite water
samples can be placed in cleansed, wide mouth glass bottles equipped
with Teflon-lined caps. Plastic bottles must not be used since

they are known -to introduce interference and sorb pesticides.
Alternately, solid bed-material samples may be sealed in foil.
Sufficient sample should be collected to satisfy the volume
requirements of each analysis and also to permit running of duplicate
and spiked analyses. Breakage of glass sample bottles is overcome
by shipping them in expanded polystyrene containers molded to fit
the bottles.
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The fieldman should provide the following information in writing for
-each sample: date, time, location, depth, type of sample, name of sample
collector, and any other 1n£ormat10n that may be helpful in selecting the
analytlcal approach or in 1nterpret1ng the results. All samples
should be kept near freezing, and extractions should be carried out

in minimm elapsed time, preferably within 2 days from time of sample
collection.

SAMPLING FREQUENCY

In conducting reconnaissance studies, defined here as short-term
one-time evaluations, both bottom dep051ts and the overlying water
should be sampled at each site. Monitoring, which consists of
Tepetitive, COntiDUIng measurements to define variations and

trends at a given location,  should include collection of water samples
during each of the four seasons, with particular emphasis on the

fall and spring collectlonsr Bed-materlal samples should be collected
for analysis of fresh deposits at least once per year at monitoring
sites, and preferably durlng both the spring and fall seasons.

Evaluation of the var1ab111?y~1n.available—pest1c1de data must precede
any decision as to the number of samples and collection frequency
required to maintain an effective monitoring program.
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CHAPTER V - ESTUARIES

The decision to monitor an estuary for pesticides may derive. from
any one or several specific needs. These needs or objectives will
largely determine the character and modus cperandi of the program..
Obviously, two pesticide monitoring programs in -the same estuary -
might be entirely different because of the kinds of information
sought. Estuarine monitoring objectives may be for the purpose of
determining: -

1. Background levels of an array of persistent waterborne .
pesticides by randomized 'sampling of estuaries in a
particular geographical area,

2. The escapement of pesticides in surface run-off from
specific use areas in the drainage basin by sampling
deltaic sediments.

3. The cause of increased faunal mortalities or lack of
species diversity in an otherwise normal appearing
estuary.. i

4. Tissue residue levels of persistent pesticides to ensure
that they are within legal tolerance levels for edible
fish and shell fish or their products.

5. Pesticide residues 'in food chain organisms to alert resource
management agencies of -possible mortalities resulting from
trophic-magnification.

6. Pesticide residues in pre-spawning gonads of commercially -
valuable species to identify causes of change in
productivity.

The choice of which physical or biological elements are to be
monitored in an estuary will be determined by specific program
objectives.

Water samples taken at infrequent intervals or at limited points in

an estuarine system will usually be of limited value. If the monitoring
program objective requires specific lmowledge of pesticide residues

in the water, the guidelines enumerated in Chapter IV should be

followed for such samples as well.as for sediment samples.

Sediment samples are.useful in detecting persistent pesticides

in the estuary. However, interpretation of their analyses requires
knowledge of particle size, organic/inorganic composition, station
location with reference to current flow and similar data that frequently
are not readily available. Sediments in shallow estuaries can be
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disturbed by storm conditioris and their pollution burden may change
drastically in time of flood or drought without reference to pesticide
usage in the area. Analysis of stratified estuarine sediments may
Teveal unusual patterns of pest1c1de residue accumulation, but our
lack of information on aerobic and anaerobic degradation of persistent
pesticides complicates the interpretation of such sediment samples.
Carefully collected samples lat the sediment-water interface along

the geographic axis of an estuary may be useful, however, in pinpoint-
ing up-stream sources of pesticide pollution.

The choice of a biological sample for monitoring the estuary is
determined largely by two factors: is the form to be sampled migratory,
and what 1s its position in jthe trophlc web? Sessile or non-migratory
species, representxng'entlre commmities present obvious advantages
since they reflect pollutlon levels at specific locations. Their

life style usually facilitates age determination and permits some
degree of bracketing of the pccurrence of the pesticide pollution.

Many non-mobile species, e.g., molluscs and barnacles, are detritus
and filter-feeders. Pesticide residues may be biologically retained
and magnified in their tissues and reflect the introduction of
pollutants into the lowest levels of the food web. Such residues
suggest direct contact with pollution sources. Residues in vertebrate
carmivaores, on the other hand, are more likely to reflect trophic
magnification of persistent pesticides. Fish-eating birds or mammals
not only concentrate but store for long periods compounds that
contaminate their diets.

Plankton offers several: advantages as a tool for estimating levels of
pesticide pollution. Its small particle size presents a relatively
large sorptive surface. The' cells are usually high in lipid content
and readily take up organochiorlne compounds. However, the rapid cell
division and growth rates favor dilution of tissue residues. Also

the interpretation of data on pesticide residues in-plankton may be
confused by the facts that ptankton is a composite of living and dead
materials that contains varying amounts of silt and other inorganic
materials, and its moisture content varies widely depending on the

-components Plankton samplea containing pesticide residues are

probably indicative of fairly recent contamination. When samples
are taken at frequent intervals, they may be especially useful in
identifying pollution sources.

Crustacea, such as commercial shrimp, are generally one of the least

satlsfactory groups ‘to monltor because of their extreme sensitivity to
insecticides. Both organophOSphorus and organochlorine insecticides
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will kill crustaceans at concentrations din the parts-per-trillion
range. Carbamates are somewhat less toxic to them and herbicides -
generally are not toxic -at concentrations likely to be encountered -
The net result is that pesticide effects on crustaceans '
are likely to be an all-or-none affair and crustacean samples. may
reveal little about relative levels of pesticide pollution in the
estuarine environment.

Molluscs (oysters, clams, and musséls) have special merit as biocassay
tools because of their sensitivity to synthetic organochlorine
pollutants present in the ambient water. They detect and accumulate
these persistent pesticides to an astounding extent without being
themselves markedly affected by the pollution levels generally
encountered in estuaries. Not all molluscs are equally sensitive and,
as with other biocassay animals, care must be exercised in comparing .
pesticide residue levels between individuals.and species.  Salt-water:
mussels are especially useful as monitor species because of their-
wide geographic distribution and their ubiquity over a broad range

of salinity regimes. :

The chief objection to the use of molluscs lies in their rapid
metabolism of pesticide residues. Although they cam concentrate

pollutants in their tissues by a factor of 50,000 or more, these

residues are lost in a matter of days when the ambient water becomes
free of contamination. Thus, oysters and mussels are monitor

animals of choice when sampling can be done on a monthly or more frequent

basis. They are relatively useless in reflecting trends in environment
polluticn when sampling can be dome only once a year: -

Fish are often the most convenient group to monitor because of their
availability from the commercial catch. They are sometimes sensitive
to high pesticide residues in their environment as evidenced by
massive fish-kills, but may accumulate relatively large residues

and become pesticide-resistent when the concentration of a pollutant
is low. Experimental work has shown that they accumulate pesticides
directly from the ambient water as well as from their food supply.
The interpretation of pesticide residue data in fish is difficult
unless their life history is known.

Fish are highly selective in their diet and may accumulate small or -
large pesticide residues in polluted estuaries, depending on their
food supply. Plankton-feeding or herbivorous fish tend to have
significantly lower pesticide residues, for example, than carnivorous
species that feed on small fish in the same estuary. Populations
of even the same species of f£ish may have quite different diets i
two different estuaries. Comparison of pesticide residues im these
Ego-populations.could‘be very misleading if their food habits are not
OWIL.
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Fish store organochlorine residues primarily in tissues having a
high 1ipid content. Such residues accumulate as the fish age but
may diminish sharply at spawning or in starvatlon,perlods when
stored body fats are mobilized. Wide variations in pesticide
residues may occur also in flsh having presumably similar back-
grounds. In one series of analyses of 15 "similar'" specimens
collected simultaneously from a school of estuarine fish, for example,
DDT residues varied by two orders of magnitude.

Fish are most useful as monitors when they are small enough to permit
whole body analysis of at least 15 specimens, thus averaging individual
variations. Tf the fish are about 1 year in age or sampled prior to
their first spawning, the residues reflect pollution exposure during

a known time period,

Sample Preservation - The handling of estuarine samples for pest1c1de
Mmonitoring poses the same types of problems as samples from any other
medium. Increased knowledge!of the dangers of sample contamination
through contact with various,kinds of synthetic wraps and containers

has demonstrated the nece5511y for glass and perhaps aluminum foil
containers to preserve the integrity of wet samples. Immediate

freezing and maintenance of frozen sample until analysis 1s still the
best way to protect samples and prevent degradation or loss of pesticide
residues. Freezing, because.of its simplicity, is also perhaps the

best method for use by unskilled persomnel.

The preservation of tissue samples for pesticide amalysis at room
temperature by the use of derlccants has been used with marked success
in estuarine monitoring. Although this method requires a modest amount
of persomnel training as well as special chemicals, it avoids the loss
of frozen samples because of ‘missed airmail schedules and power failure.
It has proven especially useful for samples collected long distances
from the analytical laboratory. In practice, field samples of plants
or animals are chilled, homogenized, and blended with a combination of
two desiccants - sodlum.sulfate and powered silica. The resulting
mixture is a dry, free~flowing powder in which pesticide residues
remain intact for 15 days or more at room temperature. This desiccant
mixture is compatible w1th.chromatograph1c procedures for organochlorine,
phosphorus, and phenoxy pestlclde compounds .

Representative Samples - The collection of representative field samples
requries careful planning and pre-supposes a good understanding of
gestuarine ecology. The introduction of stratification into the
selection of sample type, collection frequency, and station location
is advisable if the most knowledgerls to be gained from samples that
are necessarily limited in number and areal coverage.
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It has been found in past monitoring programs, that.apparent
pesticide pollution levels have been grossly altered or misinterpreted
because of drought, windstorms, substitution of one species of clam
for ancother, collection of samples on different tidal stages,

and by assuming that the diet of a particular species of fish

being monitored was the same in two different estuaries. Ultimately,
the understanding of field sample analyses is determined by knowledge
of the response of similar samples, either organic or inorganic, to
pesticide pollution tnder controlled conditions. Too often, money
and effort in envirommental monitoring have been largely wasted
because of the fallure to select samples whose analyses could be
meaningfully related to envirommental conditions.




CHAPTER VI - FRESH WATER FISH

Monitoring of fish for pesticide residues is-carried out because

of their wide range of sensitivity to this group of pollutants,

often demonstrating residue levels which are many fold greater than
those found in water. Another reason for monitoring fish is that
they are frequently used for human consumption and must -therefore

be free of unsafe levels of these contaminants. Except

for a few species, however, commercial exploitation of fresh water
fish for the market place would not justify the regulatory monitoring
of many other species available. Since freshwater fish play a
significant role in peoples recreational pursuit and. since many other
species of desirable wildlife rely on fish as their main food source,
a knowledge of the level of pesticide contamination and its possible
effects on fish populations Is a necessary resource management tool.
Thus, because of their widespread distribution, their opportunity for
exposure to pesticides, their role in the national economy, and their
importance in the web of life, fish are a logical organism

for monitoring pesticide residues in the aquatic ecosystem. After
determining the major objective for including fish in a2 monitoring
scheme, specific decisions must be made as to how these objectives
will be met. The following considerations are presented as a guide
in making these decisions. Many of these considerations will be
interdependent.

Complete standardization of representative fish species to be used

in a monitoring program 1s difficult. No one species can represent
all fishes. The availability of a given species for successive years,
geographic location and background history are factors which dictate
the selections. .Species mear the top of the food chains such as
largemouth bass, yellow perch, chamnel catfish, green sunfish, rainbow
trout and even carp are some logical choices because of their food
habits or availability. Alternate species from the same fish family
should be substituted, if necessary.

Where the mode of pesticide actiom is rapid, fish species should be
selected near the top of the food chain so as to reflect maximum
residues present. When long-term or chronic subtle effects of pesticides
are to be studied, other species of fish and aquatic organisms
representing various trophic levels may be included. Other considera-
tions for selecting the species to be monitored have been discussed

in the preceeding chapter.

The factors of fish. size, age and numbers are considerations to be
made. Uniform size and age of a single fish species should produce
less varability in residue values. Erronecus .residue readings

will probably result in analyzing a composite of large, small,
young and old, and intermixed species. Extremely large or old fish
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should be avoided or should be'analyzed as individuals. Fish which
are in their first year or have not yet spawned represent the ideal age
group for detecting recemt contamination and are particularly suited
for programs with sampling frequencies of one or more years.

Nuiber of fish to be collectediis somewhat arbitrary. Residue variations
in the individual fish in a particular situation must be determined
and will serve to establish thé number of fish needed to constitute

a statistically valid test. Ayailability of fish and costs of
analysis will determine the nulbers that are used. The National
Pesticide Monitoring Program was established using 3-5 uniform sized
fish in a replicated composite. Each composite is treated as a single
sample. This is considered a minimal muber of fish per sample.

Ten to twenty individuals wouldAbe considered more ideal. Initially,
depending on time or ‘available !funds, a cursory screening program may
be adequate to gather information umtlI refinements can be made.

Fish collections should be made using only electrical or mechanical
means such as: seines, gill nets, trap nets, hook and line, electro-
shocking equipment, etc. No fish-collecting "chemicals are recommended.
Fish collections must be made 'in conformance with state or local
Tegulations and may require special or specific permits from the
proper authorities.

A choice must be made whether to analyze whole fish or only the edible
portions. Analyzing the whole ifish is preferred where biomagnification
aspects are concerned, such as ‘in predator-prey relationships. Analysis
of edible portions of flsh is recommended for determining whether fish
intended for human consumption contain umsafe levels of pesticide residues.
If specific tissues are to be analysed then each fish must be handled
separately, thus increasing time and costs of the program.

All samples should be chilled or frozen immediately for shipping to

the laboratory. If whole fish are to be used for analysis then the
field preparation of the sample,will be minimal. Fish should be
wrapped, elther individually or as a composite sample, in clean
aluminum foll and frozen as quickly as possible. If specific tissues
or organ systems (brains, gonads, etc.) are to be analysed separately,
they should be removed before such freezing, isolated in vials or other
suitable container, labeled and'rapidly frozen along with the rest of the
sample. Such thsues cannot be}removed after thawing without signi-
ficant deterioration. If whole fish are to be used, all the fish

in the sample should be ground up and homogenated and subsamples
should be taken as needed. All samples should be protected from
contamination after the samples are taken.




(HAPTER VII - WILDLIFE

The emvirommental circumstances under which monitoring of pesticides
in wildlife may be warranted are sufficiently varied to preclude

more than guidelines for developing monitoring plans. and procedures.
Further, with less than a decade of experience in wildlife monitoring,
much is yet to be learned about the dynamics of pesticides in a
diversity of wildlife populations. Thus the following guidelines

are based on intuition as well as experience.

The term "wildlife", as used here, refers primarily to birds or bird
parts and occasionally their eggs, but it may logically be extended
to mammals and other terrestrial vertebrates. Certain fish or
invertebrate species important in avian diets might be monitored as
part of a total wildlife program; however, procedures for monitoring
such forms are presented elsewhere in the report.

Although the "working” objective in virtually all wildlife monitoring is .

to assess body levels and trends of pesticides and related chemicals in’
given wildlife populations, both in time and space, specific objectives
will vary among situatioris. Any optimal monitoring plam, including
selection of the species to be monitored, will depend upon the
predetermined need for monitoring and the specific objectives to be

met. Clearly, an optimal plan camnnot be formulated without first a
precise statement of objectives and priorities..

A concept helpful in planning is' to consider wildlife momitoring as
being either species-oriented, region~ or ecosystem-oriented, or perhaps
a combination of such approaches. At times interest in the welfare of
a particular species may justify its monitoring, in which case the
survey design should be oriented toward sampling that population rather
than specific areas or ecosystems. If the species of interest is too
valuable to be sampled or for some Teason is not readily available,

a closely-associated "indicator' species might be substituted provided
one can be found whose residue levels bear a strong relationship

to the original species.

When regions or specific ecosystems rather than species are of primary
importance, the species should be selected as an effective indicator

of the relative degree of contamination of wildlife associated with the
given enviromment. The species itself may or may not be of particular
importance and, in fact, may advantageously be an expendable nuisance
species (5,6).

SPECIES SELECTION -
Selection of a "best" species for monitoring is seldom a simple matter,

and at least the following Ffactors, some more obvious than others, should
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be considered in attempting to meet monitoring cbjectives:

Availability -- A species must be available in numbers sufficient

to provide statistically adequate sample sizes. When animals

must be sacrificed in monitoring -- the usual case -- availability
infers: sufficient abundance to insure no harm to the population;
expendability in that a highly desirable species is not used in lieu
of a less valuable but fully suitable substitute; the species is
sufficiently easy to capture to be practical.

If sacrifice is not prerequisite, as would be the case if blood
samples could be used for residue analysis, then one need be concerned
principally with ease of capture. The subject of sample size is
discussed in detail in the chapter on statistics and study design. We
stress at this time only thatlthere is no fixed or quick answer to
what constitutes an adequate sample. One must first specify the
magnitude of the smallest dlfference relative to the mean he wishes

to detect; the probability thdt he will detect such a difference if

it exists (power); and the probablllty that his sample will
erroneously indicate a difference when, in fact, none exists (type I
error). He must also, from previous sampllng, have an adequate estimate
of the wvariance of the residue data to be encountered and the expected
form of its statistical distribution.

Distribution ~-- If the primary interest is in monitoring residue trends
on a regional basis rather than in a particular species, it is highly
preferable that a candidate species occur throughout that region.
Assuming only one species is to be used, any part of the region
permanently devoid of that species cannot be considered as being
included in the survey. When:an otherwise suitable species is not
available throughout an entire region, it may be possible to substitute
an alternate species in those |areas devoid of the principal species
provided one can be found whose tendencies to accumulate residues

ave relatively similar. This jprocedure should be undertaken cautiously,
however, and in no event,shouldAthe two. species be considered equivalent
and their re51due data 1nd15cx1m1nately cambined.

Mobility — The mobility of a ispecies or, more precisely, the size
of 1ts home range, 1S a necessary consideration in determining if the
species will serve to meet the objectives of a survey. One must consider
the extent of daily and seasonal movements, and if a migratory
species, the timing and pattern of mlgratlon as well as the extent
of movement at either end of the migration route. If the monitoring
objective is to estimate re51due tendencies over a rather broad area,
one may utilize a more mobile spec1es than if he wishes to associate
residues with specific areas. Use of migratory species to associate
residues with particular aveas obviously poses special problems, and if
a suitable resident species is available, the latter will in all
likelihood be the better CthCE. Any attempt to use a migratory species
should be undertaken cautlously and with adequate knowledge of migration
patterns and rates of residue accumlation in that species.

3
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Diet -- Food habits are a primary consideration in selection

of a species, since the principal route of pesticidal exposure
in the wild is undoubtedly through the diet. Because persistent
pesticides tend ‘to become progressively concentrated through
successive, levels of food chains, a species' food habits must

be representative of the segment of the enviromment at which the
monitoring is primarily directed. Because of food chain con-
centration, or "biological magnification', herbivorous species
in a given ecosystem will tend to be exposed to lower levels'of
pesticides than will ommivorous species, and they, in turn, will
be exposed to lower levels than carnivorous ones. In particular,
fish-eating animals will be exposed to the highest residues because
of eventual transiocation and buildup of persistent residues in

~aquatic systems. With reference to the factor of mobility, there

is a decided tendency for carnivorous species to range more widely
in search of food than do herbivorous: species. Thus,. if the
investigator wishes to monitor a species with a restricted home
range, his choice may be limited to herbivorous animals with
restricted exposure to environmmental residues. In such instances,
some compromise between food habits and size of home range may be
necessary..

Habitat -- The habitat preference of 'a species is an obvious factor

to be considered and little elaboration here seems necessary. Clearly,
if the intent of monitoring is to evaluate residues in a wetland
ecosystem,. the investigator does not select-an upland species..

In practice, however, the habitat factor may involve something more
than a simple dichotomy and require greater scrutiny.

Physiology -- The physiology of a species must be considered

W1%ﬁ Tegard to its propensity to acquire and retain residues of
those pesticides to be monitored. Such information may be available
in the literature, otherwise, experimentation prior to operational
monitoring is strongly recommended. A species uniquely able to rid
itself of given residues may not be satisfactory for monitoring.

THE MONITORING PLAN

Following the selection of species, a detailed monitoring plan must
be developed that conforms with limitations of budget, personnel, and
operation.logistics. The plan must be based on statistically sound
sampling procedures if data interpretation is to be meaningful. It
must also include such details as frequency of sampling, required
sample size, method(s) of capture or collection to be used, and
instructions -for .handling specimens from time of collection through
chemical analysis. Careful consideration should-be given to the:
type(s) of statistical analysis to be employed so that there is °
.compatability with the sampling protocol. '
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Randomization -- To obtain, :from a given animal population,
a sample that is known to be absolutely random is perhaps an
"impossible dream'. Nonetheless, the investigator must strive,
to the best of his ability, tto achleve randommess in his sampling,
Certainly he should keep his sampling methods consistent from
period to period, so that any bias due to sampling should remain
relatively constant among periods and thus have little effect on
measurements of trends in residue levels.

Sampling Approaches -- Baslcally, there are two approaches to
obtaining specimens for monitoring: Specimens may be collected in

the field specifically for monltormg, or they may be sampled from
some collection umrelated to monitoring, such as the hunting bag.

When sampling from the field, it is the sampling site that must be
chosen at random as it 1s virtually impossible to select the individual
animal at random. It should be emphasized that even though more than
one specimen be taken from a site, it is the site, not the specimen,.
that 1s the primary sampling unit; and degrees of freedom for
estlmatlng survey precision are based on total sites, not total
specimens. When sampling from a collection of specimens unrelated

to monitoring, one can sample only the collection at random and thus
obtain unbiased estimates of residues in the collection. Since the
collection itself is not likely to be random, it must be assumed

that future collections will be made in a snmxlar mamer and that any .
biases will be relatively constant among collections.

When an cbjective for monitoring is to estimate residue levels and
trends for specific subdivisions of populations, stratified

random sampling is called for. The subfect of stratiffed sampling
is too extensive to be more than mentioned in this section, except
to point out that strata must be established before actual sampling
has occurred; one may not copstruct strata after the ract.

Sex and Age Differences -~ An mportant consideration in wildlife
monltormg design is vhether a species' capacity to accumlate
certain residues differs accordmg to sex and/or age of the. animal.
For example, fall levels of DDE in wings of mallards and black
ducks have been shown to be higher for adult than for immature
birds (1). There is evidence that wings of adult male mallards

and black ducks may develop hlgher residues of DDE than adult
females (4), possibly because of partial purging of the chemical
via the egg during laying. In experiments with bobwhite, mirex

was shown to be readily eliminated via the egg to an extent that
after eight weeks of laying, carcass residues in male breeders were
about twelve times-as high as those in the females (3). If sex or
age differences in residue Ievels are likely to be meaningful, either
the particular groups should be sampled separately, or the sample
size should be sufficiently large to insure the likelihood that all
groups are properly represented.

VII - 4



Frequency of Sampling -~ The frequency with which monitoring should

be repeated to meet objectives most efficiently is best determined
uniquely for each program. Monitoring. is not an Inexpensive operation,
and frequency should obviously be kept to the essential mimimm. At
times the expectation of seasonal differences in residue levels may be
of sufficient importance to justify monitoring more frequently tham once
a year. Conversely, it is conceivable that trends would be sufficiently
gradual to require monitoring only once every two or three years.
Perhaps the soundest approach is to monitor, at the onset, as fre-
quently as might be mecessary and fiscally possible, and then reduce the
schedule to the frequency found to be sufficient.

Methods of Capture -- Wild specimens may be collected in the field using

a variety of techmiques, which may be categorized basically as shooting,
live- or kill-trapping, netting, or capture with drugs. A detailed ‘
account. of such techniques and further. references may be found in "Wild-
life Management Techniques, Third Edition™ (7). WildIife coFlections must-
be made in conformance with .all applicable laws and regulations and may
require special or specific permits from the proper federal, state or
local authorities. '

To be satisfactory, a capture technique must be practical, It must not
contaminate the specimen with any substance that might interfere with
pesticide analysis, and 1t must not introduce sampling bias in being
more selective of one segment of a population than another. I£, for
example, one sex or age group dis more readily captured than another and
groups are not stratified, or if there is a correlatiom between body.
residue burden and ease of capture, then a biased sample is the inevi-
table result. There is seldom a ready means of determining whether a
particular capture technique will be biased under given conditions, and
perhaps the best one can do is to combine experience and the literature
with the best logic he can muster to minimize the likelihood of this bias.

Constructing the Tissue Sample -- The manipulation of specimens

following collection constitutes an important phase of the monitoring
plan. For example, is it advantageous to quantify residues in the whole
body, in the skimmed, eviscerated carcass, or in .some particular organ

or tissue? Is it most efficient to analyze specimens individually, to
"pool' ‘the specified tissues of several animals and amalyze the homog-
enized tissue-pool, or is it best to use a combination of both approaches?
There are no ready answers to these questions: each will depend on the
species being sampled, specific monitoring objectives, and perhaps
budgetary limitations.

In ‘estimating envirommental trends, a reasenable approach is to
analyze the whole body, less visceral contents, and thus quantify the.
total body burden. A .further refinement might be to remove feathers
or hair and skeletal protuberance such as the beak and. feet of

birds. An alternative to the tedious job of plucking birds is

to skin them; however, skin is high in lipid material which may
contain significant amounts of fat-soluble pesticides. For
monitoring some chemicals, it may be advantageous to analyze specific
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organs rather than entire carcasses if such organs are known to be
foci of residue accumulation.

'
When the only realistic way to monitor a species is to use body parts,
such as wings or legs of animals bagged by hunters, it is essential

that residue levels in such parts be highly correlated with residues

in the total body. The literature may contain such information for a
few species; but most often,. tests must be conducted prior to monitoring
to determine whether or not a satisfactory relationship exists.

Pooling Specimens for Anmalysis -- When the primary cbjective in
monitoring 1s to measure trends in mean residue levels, as is
generally the case, a given level of precision may be obtained at

a reduced cost by pooling specimens for chemical amalysis. If, for
example, an investigator collects 10 specimens from a given site, he
might’ analyse each specimen individually (10 analyses) or be might
first chop and blend the 10 specimens into a single homogenate and
make a single analysis of the homogenate. In both instances he is
estimating a mean residue leyel in a sample comprising 10 specimens,
but he does so at about one- Yenth the cost by pooling. Assuming
random. sampling from a given, lpopulation, the variance of mean residue
levels in pools of ten specmens should be one-tenth the variance of
ten individual specimens. .

The disadvantage to pooling is that little 1f anything can be learned
about the freguency dlstmbm ion of residue levels in the population.
Pooling, at best, offers only partial answers to questions such as:

Is the dlstributlon skewed to the right, as is frequently the case,
and, if so, how badly? What,are the extreme levels in the sample,

and are they sufficiently high to be detrimental? A reasonable
compremise is to analyze a sufficient number of specimens individually
to examine residue distributions and a sufficient number of pools to
estimate mean residue levels|with adequate precision.

THE NEED FOR TRIAL MONITORING

Because of the number of var:*ables and probable unknowns to be
encountered in establlsh.mg a monitoring program, there is much to

be said for testing proposed !procedures with a trial program (2).

The scale of the trial need only be large enough for an ade-

quate test of procedures and will probably depend more on the

extent of umcertainties than :on the size of the proposed program. In
the extreme, trial monitoring may show the proposed program to be
untenable, with resultant savings.of significant magnitude. Most
often the trial will permit adjustments of procedures and sample

size determinations that should justify the expense of the trial.
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CHAPTER'V?II - FOODS AND FEEDS

This chapter is intended to provide a brief overview of the
principals of sampling, the form of resulting data and the statistical
aspects of data analysis relative to pesticide residues in foods

and feeds. General observations are alsc made relative to computer
support and to field sampling procedures.

The general types of food and feed sampling include:

Regulatory (or selective) sampling to prevent the introduction of
over-tolerance products, both domestlc and imported, into the food

supply.

Surveillance (or objective) sampling to identify suspect shipments and
emerging problems. which should be subjected. to regulatory sampling,
and to derive a data base on the occurence of pesticides inm individual
food and feed commodities.

Trend sampling (FDA total diet or market basket studies) to identify
shifts or other trends in food pesticide levels relative ito existing
dietary intake patterns. These data are derived from food prepared
for the dinner table.

Products subject to pesticide sampling range from raw agricultural
commodities to processed and packaged foods and feeds. Two general .
types of sampling procedures are nomally involved, those for bulk
sampling and those for unit package sampling.

GENERAL SAMPLING PRINCIPLES™

There are several basic considerations in sampling that apply to the
problem of pesticides in food and feeds.

Statement of Objectives

A precise statement of the objectives desired from the samnllng program -
must be derived. For example: the objective might entail coming to

a well founded decision relative to Tegulatory action or in another
case merely to 1dent1fy gross trends in pesticide levels. Sampling

. results in one situation may not be adequate for the objectives of a
different situation.

Definition of the Population

The term, population, refers to the aggregate of umits about which.

a decision is to be made or an inference in drawn.. In some cases

the population will be readily identifiable physical collection

of units {e.g., a production lot in a warehouse consisting of a specific
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number of units such as bags, cans, or other units)}. In other cases
the units may have to be defined in the problem context (e.g., the
number. of grams of food product consumed daily during a one week
period by an individual). Sometimes the target population cannot
readily be sampled and a somewhat different actual population must
be used (e.g., units of food product consumed might have to be
approximated by units of food products purchased). When the target
population cannot be sampled directly it is important to recognize
this fact and adjust inferences from the sample data accordingly.

Required Data Definition

Careful definition of the required data can result in sampling
economies as well as in attaining program objectives. If information
is desired only relative to the occurrence of units with pesticide
levels in excess of tolerance levels less effort is required than
would be if more. detailed data are required.

Derivation of Required Sampling Precision

Inferences about pesticides in the population to be sampled depend

on the type of sample, sample size and pesticide level variability.
Therefore the precision required for the inferences sought are
dictated by these sampling factors. In estimating a population parameter
the precision required can be stated in terms of an acceptable degree
of error and desired level of confidence (e.g., estimating the
average pesticide level in a production lot within 1% of its

true value with 95% confidence). For hypothesis testing situmations
(e.g., is regulatory action indicated) precision can be defined in
terms of the producer's risk (Type I error) and consumer's risk

(Type II error). Acceptable levels of these risks must be established
during the planning stage.

Def:i_riiti_pn: Qf Measuremgnt & Methods

Sample data are useful only within the limits of the measurement
methods employed. In some cases, the most accurate pesticide
analytical methodology may be required for individual population
units whereas in others a gross screening method on composited

units may suffice. The pesticide analytical methodology ‘alternatives
should be carefully assessed relative to precision, accuracy,

time and cost and decision made consistent with program objective.

Construction of the Frame '

As indicated above, the population definition is dependent in turn
on the definition of the units making up the population. The frame
is the identified list of sampling units. In. production Iots of
packaged products this will be merely the individual containers,. a
small set of containers or perhaps a case of containers. However, in
bulk sampling of foods (e.g., a car load of wheat) the sampling

VIII - 2




units may well be dictated by the mechanical device used to collect
the sample (e.g., the contents of a grain probe). Construction of
the frame is essential to the application of random sampling procedures..

Sample Collection Requirements

With the preceding problem defined it is possible to specify

to some degree the sample size and the type of sample required.
Consideration of the time and costs for the sample collection may
then dictate same modification of the problem objective.

Conduct of a Pretest

It is often of considerable use to conduct a preliminary small scale
sampling exercise. Such a pretest will yield, for example, estimates
of pesticide variability which will permit more accurate determination
of sample size requirements. A pretest can often also identify

- problems. inr field. lnterpretatzons,.anaiytlcal,methodclogy'and‘other
facets which can be resolved before the overall exercise is initiated.

Description of Field Procedures

Careful thought (and if possible.a pretest) should be devoted to. the
field instructions relative to sampling site, physical collection
of the sample, sample unit identification, preservation of the
sample, packaging and shipping, etc. If pesticide analyses are to
be made in field laboratories, detailed methodology instructions
(method, equipment, sample handling, data-recording, etc.) must

be provided. Preferably specially designed data reporting forms
should be used, which wiIl facilitate data analysis.and resolution
of any questlonable—selectlon of the sample umits.

Analysis‘of the Data

If the survey or sampling program s properly planmed, procedures -for
the analysis of the data will have been detailed zhead of time.
Analysis should first involve a review of the raw data for omissions,
Tecording errors or other inconsistencies. Pesticide levels in .foods
and feeds will im general be highly variable depending on the food
product involved, source, geography, degree of proce551ng, etc.
Distributional fbrms of pest1c1de residue levels in a given situation
will usually be quite definitely skewed (i.e., most values very small
with the frequency of occurrence decreasing rapidly as the values
increase numerically). Analytical treatment of such.findings can be
made by using the lognormal distribution as the reference model. For
the usual statistical tests of significance.or estimatiorr problems,
observed pesticide data can be transformed by taking logarithms of
the values and treating the transformed data in accord with normal
(Gaussian) distribution theory.
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The types of statistical techniques that will find use in pesticide
problems include acceptance sampling (e.g., for regulatory decisions
relative to domestic and import sampllng) or analysis of variance
(for identifying differences in pesticide levels as a fimction of
various factors such as source, type or .level.of processing, brands,
style, etc.). Trend analysis and related correlation/regression
techniques will apply in tho;-e situations where relationship of
time or other factors to pesltlclde levies are of interest.

A most important consideration in the analysis of food/feed pesticide
data is the variability 1n.the sample data, Variability arises
from two major sources (1) sampling error and (2) method error.
Sampling error arises from the fact that we have access only to
data from a portion of the population and of course different
samples from the same population will yield differing numerical
values. Method error refers,to the less than perfect capability of
the analytical procedure to provide the true pesticide level. Any
analytical method should then have associated with it statisticael
measures of its accuracy and!precision. Estimates of variation
associated with the method as supplied by different laboratories
and different technicians haye been derived through collaborative
studies for several analytical methods.

Sampling errors will automatically be included in the statistical
procedure (e.g., identification of the probability of getting a
violative sample from a non—vlolate lot in acceptance sampling)
However, special provision must be made for analytical error in
many cases (e.g., a v101atxve pesticide value may in fact be
non-violative when method error is taken into accoumt) such as in
regulatory activity. In other situations it will be less important
(e.g., a relative comparison,of pesticide levels between two
populations).

Computer Suppart {

In:most; surveys or'survelllance problems of food pesticide levels,
sufficient data will be geneIated so that analysis is facilitated
by computer treatment. It is alsc considered of value to retain
data from past surveys. Access to such data is facilitated by
computer treatment. Normally agencies concerned with pesticide
problems associated with food will have access to medium to
largescale computers. Therefore, equipment exists for convenient
treatment but the program for storage and retrieval and for analysis
will probably have to be developed or adapted in each case.
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CHAPTER IX ~ HUMAN TISSUES

This discussion will be limited to the monitoring of humans fot
pesticides. Tt 1s recognized that many of the points discussed

must be common to any program monitoring humans for other chemical,
physical, or infectious agents. While human monitoring is similar in
many respects to other environmental monitoring, it is quite
different in a number of both technical and ethical aspects. Indeed,
human monitoring may be the most difficult.to perform meaningfully.

The following questions must be answered as the first step in planhing
a human monitoring program: :

1. What use will be made of the collected data? By whom?

2. What population will be studied? How is it distributed
geographically, by age, sex, race, health condition,
occupation, cultural mores, etc.? What is the total
potential population for study?

3. What other information is available concerning the group
to be studied and how mach of it will be coordinated with
the monitoring data? ‘

4. How often will samples be collected from the same individuals?

5. What chemicals including metabolites, are to. be studied?
Are analytical procedures available which are adequately
sensitive and specific for the study requirements?

6. What laboratory support is available? What is its work
capacity, technical competence, and quality control program?

7. What time interval can be tolerated between sample collection.
and. data availability?

Clearly the answers to these questions will shape the final program
plans.

Man is monitored in order to estimate his total exposure to one or more
pesticide chemicals. This is a much simpler approach than is the

direct measurement of exposure by all routes, and it is the only approach
which permits survey of a sizable population group.

The problems of ambient monitoring are quite different from those of
occupation-linked monitoring with regard to almost all of the preceeding
questions. In general, occupational monitoring is easier to perform
since the potential study group is usually limited by sex, age and
health condition, and to some extent,. geographically and socio-
economically. Such a group is exposed to occupationally encountered
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pesticides and may also be exposed through avocational activities
to the same or different pesticides.

Ambient monitoring is generally concecned with minute traces and

may produce negative results unless carefully plammed as to

chemicals to be studies, materials to be analyzed and sample
collection procedures. Unlike sampling other environmental substrates,
consideration must be given not only to the technology of the actual
sample collection but alsc to the legality and ethics of sample
collection as well as to the ihherent limitation on the size of

sample which it is feasible to, obtain.

In order for ambient human sampling to reflect the condition of the
population, the sample group must reflect the demographics of the
population, i.e. sex, race, age and geographic distribution.
Definmition of the study population may restrict it im a mmber of
specific parameters thereby increasing the standardization of the
group. This definition must be done carefully in order to avoid
biasing the entire study. Furthermore, in presenting and interpreting
data from the study, the defnutlon of the study population must be
clearly reiterated in order to' avoid unjustified and potentlally'
erroneous extrapolation. Census data can be most helpful in identifying
age, sex, race and geographic demographlcs by city, county, state,
region or nation and should be' revn.ewed before designing the study.

The necessity of monitoring a bmloglc creature further complicates

the problem, requiring careful'selection of the tissue or fluid to be
sampled. Some pesticide chemicals and/or their metabolites are stored
in the tissues of the body at different concentrations for long periods
of time, others are rapidly metabolized and excreted a short time

after exposure as unique produc ts or as products indistinguishable from
those of normal metabolic pmcesses, Since the original level of
exposure is usually quite low in the general population, the stored or
excreted levels must alsc be low. Noimal body components or other
materials to which there has béen exposure may also complicate
analysis. Analytical technology does not. permit the measurement” of all
pesticide chemicals and metabolites in a single sample of tissue or
fluid, therefore, more than one tissue may be required from each
mdlv:Ldual.

Samples from the human body, Whether tissues, blood or excreta, are not
easily obtained. The question'of informed consent must be Tesolved for
each .individual. '

Sample identification and handling are other areas which require
pre-planning decisions. Usual‘_ly a small amount of information is
desirable about -the sample donor, but this should be kept to a

minimm, being limited to ‘those facts for which there is a demonstrated
need. The donor's identity must remain anonymous when the data is
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evaluated. Sample container, sampling techmique and sample storage

and transport are important in preventing the introduction of
extraneous and interfering materials which further complicate the
interpretation of analytical results and in preserving chemicals
within the sample. Details of these procedures must be verified with
the supporting laboratory before sample collection is initiated. At
the same time the reporting terms and format should be finalized

for each type sample collected in units, total sample or extracted
weight basis, before or following adjustment of osmolality, hermatocrit
or pH, etc, Confirmatory tests to be used should be preselected since
this will be important in determining the size of each sample collected.

Within this context, the following guidelines are offered for ambient
human monitoring within any geographic subdivision:

I. Tdentify the intended use of -data” from the study
Z. ldentify the geographic area of the study

3. Define the study population by size, geographic distribution,
age, sex, race, occupation, ethnic*customs,.etc;

4. Develop statistical design based on study population parameters
to assure the collection of representative samples on a random
basis. This should provide confidence levels and define
acceptable margins of wvariation.

5. Determine pesticide residues to be monitored and materials to
be collected and analyzed, also amount of material required
for "a sample."

6. Select identifying information to accampany each sample.

7. Define sample collection, handling, storage and transport
procedures, including procedures for assuring use of
uncontaminated sample containers.

8. Identify.sampled tissues.

9. Identify sampling locations geographically and make appropriate

contacts. Informed consent procedures must be worked .out with
each sample provider.

¥ U..5. COVERNMENT PRINTING OFFICE: 1975mE26-592/2T6 Ful
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" The many benefits of our modern, developing, industrial soc1oty are
a(:companw'4 by certain hazards., Careful assessment of the relative risk
“of existing and new man-made environmental hazards 4s necessary for the
~»estab115hment of sound requlatory policy. These regulations serve to

- enhance the quality of our envircnment in order to promote the public
, “f hea1th and welfare and the productive capacity of our Hation's population.

" “The Health Effects Research Laboratory, Research Triangle Park,
conducts a coordirated environmental health research program in toxicology,
epidemiology, and clinical studies using human volunteer subjects., These
studies addrass problems in air pollution, non-ionizing radiation, °
environmental carcinogenesis and the toxicology of pesticides as well as

~ other chemical poliutants. The Laboratory participetes in the development
.. and revision of air quality criteria documents on nollutants for which
“"national ambient air quality standards exist or are proposed, provides the
" data -for ~egistration of new pesticides or proposed suspension of those
~.already in use, conducts reseerch on hazardous and toxic materjals, ¢ru

js primarily responsible for providing the health basis for non-icnizing
radiation standards.” Direct support ‘to the regulatory function of the.
Agency 4s provided in the form of expert testimony and preparation of

~E affidavits as well as expert advice to the Administrator to assure the
'ué adequacy of health care and surveillance of persons hav1ng suffered -imminent
and substantial endangerrnnt of their health.

: This manuval provides methodology wseful in determining the extent of
*“environmental contamination and human exposure to pesticides and related
" industrial chemicals. It has been compiled and produced in an effort to
promcte general acceptance and adoption of uniform chemical methodology of
2 »;utmost reproducibility and accuracy and to ensure that analytical results
es can be correlated and directly compared between laboratories. This
w2 gtandardization of data collection will greatly increase cur knowledge and

G. Hueter, Ph. D.
Director

Healih Effects Research Laboratory

F.
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ABSTRACT

- This minual provides the pesticide chemist with methodology useful in

5. determining human exposure to pesticides and related industrial chemicals,

~ Methods are also presented for measuring the extent of environmental

contamination with these compounds. This manual has been compiled and

produced in an effort o promote general acceptance and adoption of uniform

chemical methodology of utmost reproducibiiity and accuracy and to ensure

. that analytical results can be correlated and directly compared between
1aboratories. Methods contained in this manual have generally been

- developed and/or evaluated by this Taboratory within the Environmental

- Toxicology Division.

The analytical methodology compiled herein consists of both multi-
residue and specific residue procedures. Included also, are wiscellantous

‘.~ topics treating a number of -dimportant activities csuch as ithe cleaning of

aboratory glassware, the preparation of analytical reference standards,
and the calibration and maintenance of the gas chiromatograph. Several of

" the methods have been subjected to collaborative studies and have thereby

been ‘proved to produce acceptablie interlaboratory precision and accuracy.
These methods are designated by stars placed at the left of the title in

‘the TABLE OF CONTENTS. OCther methods presented are thought to be accept--
able but have not been validated ty forma: interlaboratory coilaboration,
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Section 1
Page 1

THTRODUCTION

T The analytical methodology collected in this manual was nrimarily

. intended for use by EPA Laboratories conducting analyses of pesticides in
75 -various sectors of the envivonment and hv laboratories under contract with
EPA to conduct community studies and the menitoring of cencentrations of

fpesticides in the human population.

" One of the primary objectives of the Epidemiologic Studies and Monitor-
ing Laboratory program was ‘to establish and maintain, in collaboration with
pther federal agencies, a broad surveillance and evaluation proqgram concerned
- with the extent and significance of the contamination of man and bkis environ-

-ment by posticides gnd their metaboliies. To accomplish this qgoal, data have
‘been continuously obtained on the levels of pesticides and their metabolites
4in the human population and wvarious elements of the environment, It is

“Ymportant that uniform chemical methodology of utmos® reproducibility and
.accuracy be used by participating iaboratories to ensure that analyticail
results can be correlated. and directly compared between lahoratories.

S Aprime responsibility of the Environmental Toxicoloay Rivision is vo
sr.make new and improved andlvtical procedures zvailable to EPA and related
“h1aboratories and to those of state and local agencies working tn assSess
pesticide residues in peopie and/or enviromnmental media. Thus. the Division
iioserves atf a primary facility to provide (1) high purity analviical referance

ystandards, (2) information on analvtical quality cortrol, {3) insirumental

R
krw*%troubioshoot1ng and ca]1bzat1on, and further (4) to conduct research on
~ranalytical neLhod01ogy for the measurement of residues of pesticides and

ther toxic res1dues in human and environmental media.

5k; The ana]vt1ca1 methodology compiied herein consists of hoth multi-
§g5*951due and specific residue procedures. Included also are miscrellaneous
é’“‘10p1cs treating a number of -important activities such as the cicaninag of
*‘“**1aboratorv q]assware, the preparation of analytical reference standards. and
22the calibration and mairtenance of the gas chromatogranh, Several of the
*§;m°tngds have been subjected to collaborative studies and have thoereby been
.*mxggproved to produce acceptab1w 1nter1aboratory precision and accuracy. Those
Sémethods are designated by pius signs placed at the left of the title in the
?FgﬁwﬁstABLE -0f CONTENTS. Other methods presented are thouaht to be acceptable but

%mhavn not been valldated by formal interlaboratory collaboration.

A numbering system is used in this manual whereby each pag2 bears a date

%}ﬁa; e
wand -nunthers and/or letters designating the identity of the section and
gsubse»tion Additions, deletions and revisions /i1l be distribuled to manual
‘“h01ders as they are made availahle, with sach such issuance bearing anpropri-

§§fé section identification and revision date.

>
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Section 1
Page 2

Vs 1he cooperation of scientists using this manual is solicited in helping ‘
it improve and update the material. Sugnegtions and comments based on user's
i axperience will be welcomed. Such suggestions or requests for additional
e jes of the manual should be directed to:
gﬂﬁ” Director

Environmental Toxicology Division
EPA, Health Effects Research Laboratory :
Research Triangle Park, NC 27711 :
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PREFACE

The series of manuals on techniques deseribes procedures for planning and.

executing speeialized work in water-resources investigations. The material is
grouped under major subjeet headings called books and further subdivided into
sections and chapters. The unit of publication, the chapter, is limited to & narrow
field of subject matter. This format permits flexibility in revision and publication
as the need arises. Section A of Book 5 presents technigues used in water analysis.

Provisional drafts of chapters are distributed to field offices of the U.S. Geological
Survey for their use. These drafts are subject to revision because of experience in
use or becauge of advancement in knowledge, techniques, or equipment. After the
technigque described in a chapter is sufficiently developed, the chapter is published
and is for sale by the Superintendent of Documents, U.8. GGovernment Printing
Office, Washington, D.C. 20402.

I
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METHODS FOR ANALYSIS OF ORGANIC SUBSTANCES IN WATER

By Donald F. Goerlitz and Eugene Brown

Abstract

This manual contains methods used by the 17.8. Geo-
logical Burvey for the determination of organic substances
in water. Procedures are included for the following cate-
gories of organic substances: Organic carbon, chlorophylls,
color, detergents, nitrogen, oils and waxes, oxygen demand
{chemical), phenolic materials, herbicides, and inseeti-
cides. Procedures are also given for the determination of
chlorinated hydroearbon insecticides, as well as chlorinated
rhenoxy seid herbicides, in sediment and bottom materials.

L

Introduction

The yellow or brown color commonly associated
with natural water is often the result of the de-
composition of naturally oecurring organic magter.
The most abundant sources of this material in-
clude decaying vegetation, algae, and microscopic
organisms, These substances are produced mostly
on land and during ronoff are flushed into the
water, where complex biological processes con-
tinue., The role of natural organic substances in
water processes is not very well understood.
These compounds are known to aid in transport-
ing and solubilizing many trace elements and are
important in weathering, Further, natural or-
ganic substances intersct with both organic and
inorganic pollutants.

In addition to organic matter from natural
sources, increasing amounts are entering water
ag a direet and (or) indirect result of man's
activities. Leading sources of this material are
industrial and domestic waste, agriculture, urban
runoff, mining, and watercraft. Foaming deter-
gents have heen observed in water supplies. Fish
kills have been caused by toxic chemicals and
have been linked to nutrient-induced algae
blooms, which deplete the dissolved oxygen.

Because of the myriad of sources from both
pollution and natural processes, organic matter
is present in.almost all surface and ground waters
and directly influences the water quality.

In reviewing water-quality reports, one may
observe 'that although color, oxygen eonsumed
{chemical oxygen demand), and other criteria for
the analysis of organic substances are described
in the introductory remarks, seldom are such data
included in the tables of the report. These data
are noticeably absent from past reports because
such crude measurements did not appear to serve
any meaningful purpose in explaining most water
processes. The value of even the most primitive
measurements of organic substances in water is
apparent, considering the geperal awareness of
man’s effect on the environment and the imple-

- mentation of programs to stem the tide of water

pollution, lake eutrophication, and similar prob-
lems.

The purpose of this'manual is to provide direc-
tions for collection and analysis of water samples
containing organic substances as required by the
Geological Survey in making water-quality in-
vestigations, This manual is an updating and
compositing of the organic analytical methods
contained in Geological Survey Water-Supply
Paper 1454, ‘‘Methods for Collection and Analysis
of Water Samples” (Rainwater and Thatcher,
1960). The intense activity in the field of organie
analysis is providing new and improved methods,
and as appropriate methods beecome available
they will be added to this manual. All methods as
written mey be subjected to revision from {ime
to time. Methods labeled as tentative are as-
sumed fo be adequate but need further testing
pefore final acceptance.
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Part 1. Sampling

Refer to Part I, Chapter Al of Book 5, for
information on site selection, frequency, field
safety, and first aid. Before a proper sampling
program can be initiated, the nature of the
organic compounds sought must be considered.
As a general rule, organic compounds having less
than six carbon atoms are water soluble, whereas
compounds with more than six carbeons are not,
This generalization must be applied with care,

' however, because the presence of hydroxyl or

other polar sites on a molecule increases its
solubility. Even very soluble compounds, how-
ever, may prefer to reside on organic-layered
sediment. Further, some insoluble ecompounds
may be suspended on the water surface. In sum-
mary, organic matter in a body of water may be
distributed -on the surface, in suspension, ad-
sorbed on suspended sediment, in bed materials,
and {or} in solution.

Beeause of this wide and generally unpre-
dictable distribution of organic material in a
body of water, the collection of a truly repre-
sentative sample requires a great deal of care
and often requires the use of speeialized sampling
equipment. In most instances, samples for
organic analysis are best collected with the same
equipment and technique used for the collection
of samples for suspended-sediment measure-
ments. The technique and equipment used in
such measurements have been extensively stud-
ied, and they are discussed at length in one of a
series of reports by the Inter-Apgency Committee
on Water Resources {1963) and, more recently,
in a report by Guy and Norman (1970). When
more elaborate equipment is not available, a
simple weighted botile may often be used for
sampling wells, lakes, and slow-moving streams
with little suspended sediment. Other available
samplers have rubber gaskets and valving ar-
rangements that may either contaminate the
sample or remove organics from the water by
adsorption. Such deviees as the DH-48, D-49,
or the P-46 samplers, which are specially de-
signed t¢ collect suspended-sediment samples
from fast-moving streams at water velocity,
must be modified for organiec sample collection.
Most importantly, all the neoprene gaskets must
be replaced by inert plastic material, such as
teflon, and oil must be eliminated from valves.

Organic substances on the water surface or
incorporated in the bed material present very
difficult sampling problems. Surface films may
appear chronically or intermittently and most
often come from accidental spills or seepage.
Samples taken from the surface of a hody of
water, espeeially moving water, are almost im-
possible to evaluate. Quite often the samples
must be related to the total volume of water,
surface area, film area, and film thickness. At
Present, no universally acceptable surface sam-~
plers are available, and investigators are required
to fabricate their own. Floating hoops or rec-
tangles covered with clean metal foil which
delineate an area and allow skimmming a surface
sample from calm water have been used with
limited success. Other methods for coliecting
films and slicks from surface waters, such as
“dustpan skimmers,” absorbent cloths, and floor
mops, have been used, but none have been
satisfactory for general application. The method
most often used for deseribing a problem area
when surface films are involved is identification
of the material, loeating the source, and then
estimating the amount entering the water.

A rational approach to site selection ‘for
sampling stream bottoms is also difficult. Fortu-
nately, bed-material samplers are available.
Ideally, bottom material, including that which is
moving by saltation, rolling, or otherwise drifting
along the streambed, should be included. It is
also desirable to eollect the water from the 8 or
4 inches of flow immediately above the stream
bottom. This is comimonly called the “unsampled
zone,” because it is not sampled by suspended-
sediment samplers or most other water-sampling
devices because of mechanieal limitations.

Bed-material and suspended-sediment samplers
may be obtained through the Federal Inter-
Agency Project, U.S. Army Engineer District,
8t. Paul, Minn. One of these is the piston-type
bed-material hand sampler BMH-53 for shallow
water, and the other is the BM~54 or BM-60
bed-material sampler for deeper water. Both of
these are constructed to prevent sample washout
when raised to the surface. Bed-material samplers
to sample at the interface are now under develop-
ment and should be available soon.

Most investigations are not concerned with
surface or bottom material, but rather with that
within the body of the water. Most of samples are

)

A



®

%
e

ANALYSIS OF ORGANIC SUBSTANCES IN WATER 3

collected from just beneath the surface of the
stream to as near the bottom as the sampling
apparatus will allow. Accurate samples are taken
either by depth integration or at a number of
points in a transverse cross section. For small

streams, a depth-integrated sample or a point .

sample taken at a single transverse position
loeated at the eentroid of flow is usually adequate.
Larger streams require selection of several verti-
eals at centroids of equal flow after careful and
often extensive measurement. Depth-integrated
samples may also be taken by the ETR (equal
transit rate) method, at equally spaced points
across the stream cross section. In collecting
these samples, the sampler is lowered and raised
at each sampling point in the same length of time
(Guy and Norman, 1970), Lakes are sampled on
three-dimensional grids eonsistent with the shape
and depth of the water body. Wells -may be

. sampled from the pump, provided the oils from

the mechanism do not contaminate the sample,
otherwise a botitle sampler should be used.
Compositing samples in the field is not recom-
mended. Individual samples for compositing
should be taken to the laboratory, where eareful
control can be maintained. Organic sediments
and soils tend to cling to sample containers, and
special precaution must be taken to aveid im-
proper handling,.

QGlass bottles are the most acceptable con-
tainers for colleeting, transporting, and storing
samples for organic analysis. Glass appears to be
inert relative to organic materials and can with-
stand & rigorous cleaning procedure. Because
organic materials are so plentiful in the environ-

‘ment, it is extremely diffieult to colleet samples

free from extraneous eontamination. Apparatus
for sampling or processing samples must be
serupulously clean. Sample bottles, especially,

must be free of contaminating materials. Boston

round glass bottles of I-liter eapacity with
sloping shoulders and narrow mouths are satis-
factory for most applications. The closure should
be metal, preferably inert, and lined with teflon.
This plastic is the only organic material that
should be allowed to contsct the sample.

All sample bottles, whether new or used, must

he cleaned before collecting organic samples, and.

the following procedure is recommended: After
washing in hot detergent solution and rinsing in
warm tapwater, the bottles are rinsed in dilute

hydroehloric acid, Following & rinse in distilled
water, the gloss containers are put into an oven
and heated at 300°C (Celsius) overnight. The
teflon cap liners and the metal closures are
washed in detergent, After rinsing with distilled
water, the caps are set aside to air-dry. The liners
are rinsed in dilute hydroehloric aeid and then
soaked in redistilled acetone for several hours
and heated at 200°C overnight. When the heat
treatments are completed, the bottles are removed
from the oven and capped with the closure and
teflon liner. The clean bottles are usually stored
or shipped in a “duo-pak” container—a form-
fitting expanded polystyrene case in a corrugated
cardboard carton. :

In actuality, the analysis begins with the
coliection of the sample. The sample must
represent the body of water from which it was
collected at the time it was taken, The importance
of the sample to the final result cannot be over-
emphasized. If possible, an analyst or a person
directly concerned with the particular study
should colleet the samples. Inexperienced per-
sonnel should never be allowed to collect samples
unless they are very closely supervised, If pos-
sible, the principal investigator should give
personal instruetion on sample collection. In all
instances, detailed printed instruetions should
accompany each set of sample bottles. The sam-
ple containers should always be sent from the lab-
oratory direetly to the person taking the samples
just before sampling. Extra or spare sample
hattles should be actively inventoried and remain
under the control of the laboratory.

Sample preservation

Most water samples for organic analysis must
be protected from degradation. Provisions for
refrigerating or otherwise preserving the sample
should be available. Icing is the most ac-
ceptable method of preserving a sample, bub it
is not always possible. Timing of collection
should be arranged so that the sample c¢an reach
the laboratory in & minimum of time. There is no
single preservative that may be added to a
sample for all forms of organic analysis, but each
sample must be treated according to the analytical
procedure to be performed. For the determina-
tions in this manual, the following general methods
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of sample preservation should be used:

Oxygen demand, chemical: Add concentrated
H.S0: (sp gr 1.84) at a rate of 2 milliliters (ml}
per liter of sample.

Carbon, tnorganic: Refrigerate at 4°C.,

Carbon, organic: Add concentrated .80, at a
rate of 2 ml per liter of sample and refrigerate
at 4°C.

Chlorophylls: Refrigerate at 4°C.

Color: Refrigerate at 4°C.

Oils and wazes: Add coneentrated H,S0, until
the pH of the sample is below 3.0. Generally, 5
m] per liter will be sufficient.

Surfactants: Refrigerate at 4°C.

Nitrogen: Add 40 milligrams (mg) of HgCle
per liter of sample and refrigerate at 4°C.

Phenolic malerial: Acidify sample to pH 4.0
with HPQy, add 1.0 gram (g) Cul0,- 5H20 per
liter of sample, and refrigerate at 4°C.

Herbicides: Acidify with concentrated .80,
at a rate of 2 ml per liter of sample and refrigerate
at 4°C.

Insecticides: None required for chlorinated
compounds.
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Part Il. Analysis of samples

Carbon, ali forms

The procedure given affords an accurate de-
termination of earbon in water in solution as
well as in suspended matter. Both organie and
inorganie carbon can be selectively measured.
The organie carbon determination gives a much
truer measure of the organic matter present in
aqueous solution and (or) suspension than does

the chemical oxygen demand determination. This

-technique is not hampered by the presence of

reducing substances or affected by the type of
organic material being oxidized. It cannot, how-
ever, be used to replace the hiological oXygen
demand determination.

1, Summary of method

Using & microsyringe, a fraction of a milliliter
of sample is injected into a combustion tube
under a sweep of oxygen gas. All the earbon in
the sample is converted to earbon dioxide and
measured by use of a nondispersive infrared
analyzer (Van Hall and others, 1963).

2. Application

Water containing carbon from about 1.0 mg/1
(milligram per liter) to 1,000 mg/l may be
analyzed directly. For o more sensitive procedure,
the analyst is referred to the work of Menze] and
Vacearo (1964) Higher carbon concentrations
must be diluted. Water containing organic
particulate matter may be analyzed directly
provided the largest particle diameter is $-{ the
syringe needle diameter. Otherwise, the particles
must be reduced in size by homogenizing or
blending, and the resulting suspension must be
fairly uniform and stable.

Depending on the sample treatment, results
should be reported as follows:

2.1 Total earbon: Sample analyzed without
filiration or acidification.

2.2 Total organic carbon: Sample analyzed
without filtration, but acidified .and purged with
inert gas to remove inorganic carbon.

2.3 Dissolved carbon: Sample analyzed after
filtration, but without acidification.

2.4 Dissolved organic earbon: Sample ana-
lyzed after filiration and acidifieation and purging
to remove inorganic earbon.

In addition to these reporting forms, concen-
trations of inorganic carbon (dissclved and
suspended) and suspended carbon (organic and
inorganic) may be computed by differences from
the above measurements. ‘

3. Interferences

Strongly acidiec solutions and some brines
interfere with this technigque by producing
infrared-absorbing fogs. Very volatile earbon

N
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compounds may be lost during carbonate elimina-
tion. Injections in excess of 0.08 ml result in
incomplete combustion owing to the large volume
inerease associated with the water vaporization,

4. Appargtus

4.1 Carbonaceous analyzer, Beckman Model
115-A, Model 915, or equivalent.

4.2 Microliter syringe, 100-ul
capacity with large-bore needle.

4.3 AMicrofiltration apparatus: Use only silver

(mieroliter)

‘metal filters having 0.45 pm (mierometer) maxi-

mum pore size, obtainable from Selas Flotronies.
Filters should be heated at 300°C overnight to
remove organic matier.

5. Reagents

All reagents must be checked for organic con-
tamination. '

5.1 Carbonate-bicarbonate standard solution,
1.00 ml=1.00 mg carbon: Dissolve 3.500 g
sodium biearbonate and 4.418 g sodium ecar-
bonate, both dried at 105°C for 1 hr (hour), in
carbon-free distilled water and dilute to 1,000 ml.

5.2 Hydrochlorie acid, concenfrated (sp gr
1.19).

5.3 Nilrogen gas, free of carbon dioxide and
organic impurities.

5.4 Oxygen gas, free of earbon dioxide and
organic impurities.

5.5 Potassium hydrogen phihalate standard
solution, 1.00 ml=1.00 mg carbon: Dissolve

2.128 g potassium hydrogen phthalate, primary

standard grade, which has been dried at 105°C
for 1 hr, in carbon-free distilled water and dilute
to 1,000 ml.

4. Procedure

6.4 Instrument standardization
6.A.1 Single-channel  analyzer,
Model 115-A, or equivalent.
6.A.1.1 Prepare a series of standards
eontaining 5, 10, 20, 40, 60, and 80 mg/l of
carbon by dilution of the potassium hydrogen
phthalate standard stock solution.
6.A.1.2 Buccessively introduece 20-p] sam-
ples of the 20-mg/] standard into the carbona-
ceous analyzer until the response is reproducible.
Allow the recorder to return to the original

Beckman

baseline beétween injections. Run duplicate de-
terminations, at the least, for each standard and
plot the milligrams per liter of carbon versus peak
height measured from baseline on the recorder.
6.A.2 Dual-channel analyzer, Beekman Model
815, or equivalent,
6.A.2.1 Prepare a standard curve for the
organic carbon channel of the analyzer as in step
6.A.1 above.
6.A.2.2 Prepare a standard curve for the
inorganie channel of the analyzer, using the same
technique, by injection of standards prepared by
dilution of the carbonate-biearbonate stock stand-
ard.
6.B Analysis of samples
6.B.1 Single-channel analyzer
6.B.1.1 Depending on how the results are
to be reported, the sample may be filtered and
(or) acidified. If the sample is fo be filtered
through the metal membrane filter, the filtration
must be done before acidification. Only enough
filtrate for the determination need be collected.
6.B.1.2 Adjust the pH of the sample-to 2
or below, using eoncentrated hydrochloric acid,
and slowly bubble nitrogen gas through the solu-
tion for 3-5 min .(minutes) te purge carbon
dioxide.
6.8.1.8 Mix the sample well. Inject 20-80
ul of the sample into the combustion tube, using
the same technique as for the standards. Record
the peak heights from at least two determinations
for each sample.
6.B.1.4 Prepare a blank from carbon-free
distilled water and all the reagents used, and
analyze the blank as the sample. If more than
1 percent of salts iz present in the sample, the
blank should be prepared similarly.
6.B.2 Dual-channel analyzer
6.B.2.1 Depending on whether results are
desired for total or dissolved carbon, the sample
may be injected untreated, or filtered through
the 0.45-um silver filter, but not acidified.
6.B.2.2 Make duplicate 20-u] injections of
each sample into each channel of the analyzer,
using the same technique as in the preparation of
the standard curves.

7. Calculations .
7.A Single-channel analyzer

7.A.1 Conecentrations of carbon, in -milli-
grams per liter, are obtained directly from ap-
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propriate standard curves, depending on the
sample treatment used.
7B Dual-channel analyzer

7.B.1 Concentrations of inorganie and in-
arganic-plus-organic carbon, in milligrams per
liter, in each sample are obtained from the
appropriate standard curves.

7.B.2 By difference, compute the concentra-
tion of organic carbon, in milligrams per liter.
When this difference is small and the determined
values are large, results should be verified. This
may be done by injecting an acidified, nitrogen-
purged sample into the high-temperature furnace
to obtain a direet measure of organic carbon.

8, Report

Carbon concentrations are reported as follows:
Less than 10 mg/l, one significant figure; 10
mg/1 and above, two significant figures.

9. Precision

No precision data are available, but results
are believed reproducible within =1 mg/l at
the 100-mg/1 level,
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Chlorophylls

The concentrations of photosynthetic pig-
ments in natural waters vary with time and with
changing aquatic conditions. Chlorophyll e, b,
and ¢ coneentrations are used to estimate the
biomass and the photosynthetic capacity of
phytoplankton. Ratios between the different
forms of chlorophyll are thought to indieate the
taxonomic composition or the physiological state
of the algal community.

Extractive spectrophotometric method

1. SUmImury of method

Individual chlorophylls are determined simul-
tanecusly -without elaborate separation. The
sample is filtered, and the cells retained on the
filler are mechanically disrupted to facilitate
extraction of pigments into a solvent composed of
90 percent acetone and 10 percent water (volume
per volume). The concentrations of chlorophylls
are caleculated from measurements of absorbance
of the extract at 4 wavelengths, corrected for the
90-percent acetone blank.

2. Application

The method is suitable for all natural waters.
The volume of water filtered should eontain less
thap 10 kg (micrograms) chlorophyll a. (See
step 6.1.)

3. Interferences

Large amounts of inorganic sediment in the
sample may clog the filier, Erroneously high
values may result from the presence of fragments
of tree leaves or other terresirial plant material.

The presence of phaeopigments, the decom-
position products of ehlorophyll, results in over-
estimates of chlorophylls (Yentsch, 1965, 1969;
Lorenzen, 1965, 1967).

4. Apparatus

4.1 Filiralion eguipmeni: Filter holder as-
sembly, Millipore XX63 001 20, or equivalent,
and a source of vacuun,

4,2 Glass pestle-type  tissue  Jomogenizer
(grinder), 15-m! ecapacity, Corning 7725, or
equivalent. Motor drive with low-torque clutch

to operate at about 500 rpm {(revolutions por

minute).

4.3 Membrane filter, Millipore HAWP 047 00
type, HA 0.45-um mean pore size, white, plain,
47-mm (millimeter) diameter, or equivalent.

4.4 Swing-oul cenlrifuge, 4,000~5,000 gravity,
with stoppered 15-ml graduated centrifuge tubes,
Saveguard centrifuge, Madel CT-1140, or equiv-
alent. _ :

4.5 Specirophotometer (Beckman Model DT,
or equivalent), with a bandwidth of 3 nm (nu-
nometers) or less, allowing absorbanee to be read
to 2=0.001 units. Use cells with a light-path of from

9
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1 to 10 em (centimeters). If only chlorophyll ¢ is
determined, instruments with interference filters
with not more than 5-10 nm (Beckman Model
B, or equivalent) half-bandwidth may be used.

4.6 Vacuum-pressure  pump,  Millipore
XX60 000 00, or equivalent.

5. Reagents

5.1 Acetone solution: To 900 ml acetone, add
100 ml distilled water.

5.2 Magnesium carbonale, powdered.

é, Procedure

6.1 Collect a sample of water which eon-
tains less than 10 ug, and preferably about 1 ug,
of chlorophyll . A sample of (.5-1.0 liter may be
adequate for fresh or estuarine waters; 4-5 liters
of ocean water may be required. Samples must be
refrigerated at 4°C until time of analysis. ‘

6.2 Cover the surface of a (.45-um membrane
filter with finely powdered MgCOQ,, using about
10 mg/em? of filter area (about 170 mg for the
47-mm-diameter filter).

6.3 Filter the sample at no more than two-
thirds atm (atmosphere).

8.4 Fold the filter with the plankton on the
inside and proceed immediately with the extrac-
tion and measurement steps. If the sample must
be stored, dry the filter in a silica gel desiccator
in the dark at 1°C or less. Dry ice is recommended
for storing samples in the field.

6.5 Place the filter in a glass homogenizer.
Add 2 to 3 m! acetone solution. Grind 1 min
(minute) at about 500 rpm.

6.6 Transfer to a graduated centrifuge tube
and wash the pestle and homogenizer two or
three times with acetone solution. Adjust the
total volume to some convenient value, such as
5 or 10 m] 0.1 ml Keep 10 min in the dark at
room temperature,

6.7 Centrifuge for 10 min at 4,000 to 5,000
gravity.

6.8 Carefully pour or pipet the supernatant
into the spectrophotometer cell. Do not disturb
the precipitate. If extract is turbid, try to clear
by adding a little 100-percent acetone or distilled
water, or by recentrifuging.

6.9 Read the absorbance at 750, 663, 645,
and 630 nm against an acetone-solution blank.
(Dilute with acetone solution if the absorbance is

1

greater than 0.8.) If the 750-nm reading is
greater than 0.005/cm light-path, reduce the
turbidity as mentioned in step 6.8.

7. Calcylations

Subtract the absorbance at 750 nm from the
ahsorbanece-at 663, 645, and 630 nm. Divide the
difference by the light-path of the eells, in centi-
meters. The concentrations of chlorophylls in the
extract, as pg/ml (micrograms per milliliter), are
given by the following equations:

chlorophyll a, in ug/mi
=]11.64e4:— 2. 16954a+0 108(;30

chlorophyll b, in pg/ml
= -3, 940553+20.978545“3.663530

chlorophyll ¢, in pg/ml
= — 5-538553‘— 14.8135.15‘]‘54-223530

where:
ahbsorbance at 663 nm
oo —abgorbance at 750 nm
" light-path, in cm ’
absorbance at 645 nm
. —absorbanee at 750 nm
o light-path, in cm '
absorbance at 630 nm
. —ahsorbanege at 750 nm
630 = . ]

light-path, in cm

chlorophyll g, in g/l
=chlorophyll ¢ in ug/ml

extract volume, in ml
sample volume, in liters

8. Report

Report chlorophyll concentrations as follows:
Less than 1.0 pg/l (micrograms per liter), one
decimal; 1.0 pg/l and above, two significant
figures.

?. Precision

The precision of chlorophyll determinations is
influenced by the volume of water filtered, the
range of chlorophyll values encountered, the
volume of extraction solvent, and the light-path
of the spectrophotometer cells. '
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The precision for chlorophyll ¢ determination -

at the 5-ug level was reported to be =5 percent
in one study (Strickland and Parsons, 1960). The
UNESCO (1966) report recommended that pre-
cision be determined by each analyst.
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Color

The color of water as considered herein is that
due only to substances in solution. Color in water
may be of natural mineral, animal, or vegetable
origin. It may be caused by metallic substances,
humus material, peat, algae, weeds, or protozoa.
Industrial wastes may also color water. Color
may range from zero to several hundred units.

In domestic water, any noticeable eolor is un-
-desirable. Color-imparting solutes may dull clothes
or stain food and fixtures. The U.S. Public Health
Service (1962) stated that the color shall not ex-
ceed 15 units in drinking and eulinary water on
carriers subject to Federal quarantine regula-
tions. Color is undesirable in water for many
industries, particularly food processing, launder-
ing, ice manufacturing, bottled beverage, photo-
graphic, and textile (California State Water
Quality Control Bourd, 1963).

Comparison method

1. Summory of method

The color of the water is compared with that
" of colored glass disks which have been -calibrated

to correspond to the platinum-eobalt scale of

Hazen (1892). The unit of color is that produced

by 1 mg of platinum per liter. A small amount of
cobalt is added to aid in color matching. The
Hazen seale is satisfactory for most waters, but
the hues and shades of some waters may not
easily be compared with standards. If the hue of
the water does not compare with that of the
standard, there is very little that can be done,
other than to visually compare the optical densi-
ties of the sample and standard. Highly colored
waters should not be diluted more than necessary
because the color of the diluted sample often is
not proportional to the dilution. The colored
glass disks should be recalibrated at frequent
intervals against platinum-cobalt standards, as
their color may fade with time.

2, Application

This method may be uvsed to measure the color
of samples whose colors reasonably match the
Hazen scale and which contain no excessive
amount of suspended matter.

3, interferences

Turbidity generally causes the observed color
to be higher than the true color, but there is some
disagreement as to the magnitude of the efiect of
turbidity. The removal of turbidity is a recurrent
problem in the determination of color. Color is
removed by adsorption on suspended material.
Filtration of samples to remove turbidity fre-
quently removes some of the color-imparting
salutes, possibly by adsorption on the sediments
or on the filter medium. Centrifuging is preferable
to filtration and is the only recommended method
for the removal of suspended matter.

4. Apparatus

Color comparator, with stondard color disks
covering the range 0-500 color units.

5. Reagents

None.

4. Procedure

6.1 Remove turbidity hy centrifuging the
sample.

6.2 Fill one instrument tube with the sample
of water, level the tube, insert the glass plug,
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making sure that no air bubbles are trapped, and
insert the tube into the comparator.

6.3 Use distilled or demineralized water in
the second fube as a blank.

6.4 The color comparison is made by re-
volving the disk until the colors of the two tubes
mateh,

7. -Caleulations

The color is read directly from the matching
color standard, and the proper dilution factor is
applied.

8. Report

Report color as follows:

Color unit Record units
lo nearest
1-50 e 1
531-100 . e b
101280 e 10
251-500_ e 20
9. Precision

Because of the many complicating factors in-
volved, the measurement of color is not a precise
determination. No statements on the repro-
ducibility of the tests can be made.
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Extractable organic matter

QOils and waxes

Oils and waxes in matural waters most likely
come from vegetation and aguatic life. Oils or
fats and waxes from plants and animals are, for
the most part, of the ester type-—that is, the
combination of an alechol with an organic acid.
Petroleum oils and tars, otherwise known as
mineral oils, are almost exclusively hydrocarbon
in composition. Petroleum oils, on occasion, can
enter the water from natural seeps but most often
result from industrial pollution and sccidental

spilis (Dept. of Interior, Office of Secretary,
1968). Most oils are insoluble in water but may
be dispersed by natural and waste chemieals such
as soaps and detergents. Ester-type compounds
can hydrolyze to become soluble, form soaps, and
further aid dispersion of the insoluble material.
Qils, greases, fats, and waxes ean’severely damage
water quality by (1) producing a visible film on
the surface, (2) imparting an odor to the water
and causing a noxious taste, (3) coating the banks
and bottoms of the water body by adsorbing on
sediment, and (4) destroying aquatic life (Federal
Water Pollution Control Administration, 1968).

1. Summary of method

Oils and waxes are removed from the water by
extraction with organic solvents and are deter-
mined gravimetrically. This method is similar in
prineiple to that found in “Standard Methods,”
12th edition {Am. Public Health Assoc., 1965).
For characterization, and for volatile substances,
the analyst is referred to the papers by Kawahara
{1969) and Maehler and Greenber (1968).

2, Application

The extraction method is applicable to the
analysis of waters containing oil, fat, grease, wax,
and other solvent-soluble substances.

3, Interferences

Organic solvents vary considerably in their
ability to dissolve not only oily substanees but
other organic matter as well. The ester-type oils
and waxes may be decomposed to aleohols and
acids or soaps. Glycerine, the aleohol from animal
or vegelable fats and oils whieh are known as
triglycerides, defies extraction by this technigue.
Soaps must be acidified to release the organic
part of the molecule. Storage of the sample must
be avoided because many oils are utilized by
micro-organisms. Volatile compounds (boiling
point <100°C) cannot be accurately determined
by this method.

4. Apparatus

4.1 Kuderna-Danish concentration apparatus,
250-m} capacity. Use an ungraduated receiver and
8 1-ball Snyder column.

4.2 Seperatory funnel, 1-liter capacity, with
unlubricated glass or teflon stopeock.
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5. Reagents

5.1 Chiloraform, boiling range 61°-62°C, dis-
tilled in glass.

5.2 Petrolewm ether, boiling range 30° 60°C
distilled in glass.

5.3 Sodtum
agent, granular.

5.4 Sulfuric acid, 1:1 solution: Mix a volume
of sulfuric acid (sp gr 1.84) with an equal volume
of distilled water.

sulfate, anhydrous, ACS re-

6. Procedure

Surface samples must be taken with great care,
(See p. 2.) The relationship of the affected sur-
face to the body of water should be well doeu-
mented. A complete written description of the
sampling technique should be made for future
reference. Samples of the water beneath the
surface should be collected according to the
recommended practice for organie samples. Usu-
ally 1-liter samples are sufficient for subsurface
sampling,

6.1 Weigh the water and sample container
with the eap removed. Pour the sample into the
separatory funnel. Weigh the drained sample
hottle and record the weight of the sample to
three sipnificant figures. (If an oil separation is
observed, the weight of -water may be obtained
after a preliminary petroleum ether extraction
before acidification.)

6.2 Rinse the sample bottle with 15 mi of
petroleum ether and pour the washings into the
separatory funnel. Rinse the sample bottle again
with another 15 ml of petroleum ether and pour
the washings into the separatory funnel.

6.3 Acidify the sample by the addition of
5.0 ml of 1:1 H.504 per liter of sample.

6.4 Shake the separatory funnel vigorously
for 1-2 min, stopping to vent the pressure after
the first few shakes. Allow the layers to separate
for about 10 min. Draw off the water layer into
the sample container and pour the solvent into
a 125-m] erlenmeyer flagsk containing about 0.5 g
anhydrous sodium sulfate. Difficult emulsions
may be broken by shaking the funnel vigorously
after most of the water has been withdrawn.
Beware of exeessive pressure buildup in the
funnel at this step.

§.5 Pour the sample back into the separatory
funnel. Rinsc the sample bottle with 15 ml of

chloroform and add the washings to the separatory
funnel. Pour an additional 15 ml of chloroform
into the separatory fumnel and shake 1-2 min,
Allow the layers to separate. Colleet the chloro-
form layer in the 125-m] erlenmeyer flask con-
taining the petroleum ether extract.

6.6 Filter the extract through a plug of ex-
tracted glass wool into a Kuderna-Danish ap-
paratus fitted with a -tared (including a small
boiling stone) receiver tube. Use liberal washings
of petroleum ether to complete the transfer.

6.7 Remove the solvent by distillation on a
steam bath and take nearly to dryness. As the
last of the solvent is vaporizing, remove the
apparatus from the heat and allow the vapor to
condense and wash down the sides of the flask,
After cooling, remove the receiver and volatilize
the last of the solvent with a gentle stream of air
or nitrogen gas.

6.8 Wipe the sides of the receiver tube with
a moist tissue and allow to dry in the room for
30 min. Place the receiver in a desiceator for 30

.min and then determine the weight of the sample,

7. Cakulations

The concentration of material in the.sample is
calculated as follows:

Extractable organic matter (mg/1)

- A—B
= ~—— X 1,00
o X1,000,

where

A =total weight (receiver-+extract), in grams,
B =receiver tare, in grams, and
C'=water sample volume, in liters.

The amount of material found in a surface sample
may be related to an affected area provided the
film is uniform. The weight of material per
square meter of surface may be calculated as
follows:

. 1
.Extractable organic matter (mg/m?) = 1 X8,

where

A =area sumple’d, in square meters (m?), and
B=weight of extracted material, in milli-
grams.
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8. Report

Concentrations of extractable organic matter
are reported to two significant figures for values
in excess of 10 mg/l, or to the nearest whole
milligram.

%. Precision

* The precision hetween samples depends upon
the homogeneity of the dispersion and the
volatility of the material. Duplicate results vary-
ing less than 5 percent from the mean have been
obtained on prepared samples. Results from
poorly dispersed matertal and surface film
samples vary greatly.
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Methylene blue active substances

Synthefic onionic detergents

Methylene blue active substances (MBAS),
synthetic detergents or surfactants, occur in
natural waters almost exclusively as a result of
pollution. Detergents in natural water can
drastically alter the normal regimen. As surface-
active agents, they disrupt the stability at the
interface between water and other substances.
In the presence of surfactants, normally insoluble
organic compounds may be dispersed, and the
function of vital membranes of aguatic organisms
may be altered. Because they are water soluble,
detergents can disperse toxic organic compounds
normally incorporated in bottom muds, adsorbed

on sediment, or floating on the surface. In addi-
tion to acting synergistically to compound pollu-
tion problems, some detergents are toxie to
certain aquatic life. According to the report of
the Federal Water Pollution Control Adminis-
tration (1968) levels of LAS (linear alkylate
sulfonates) exceeding 0.2 mg/l may be harmful
to aquatie life.

Three types of surface-active agents are in
general use. They are classified by their chemieal
characteristics as anionic or cationic, indicating
the charge of the active ions, and as nonionic
hydrophilic organic compounds. Fortunaiely,
anionic detergents react with cationic detergents
to precipitate. Production of anionic detergents
has greatly execeeded the other two, and, conse-
quently, greater amounts -of anionic detergents
may be expected in waste water. Owing to this
excess, cationic detergents are almost always
effectively precipitated and seldom appear in
solution in sewage treatment facilities. Synthetic
nonjonic detergents, alkyl or aryl polyols, have
not caused much concern because their use has
been limited principally to industrial applications
and as a minor additive in household detergents
for foam control.

Until 1965, ABS (alkyl benzene sulionates)
anionic detergents were the most common
surfactants on the market. Because ABS resist
biological degradation, they are mot easily re-
moved by waste treatment and were often found
in water supplies, even drinking water. Since
then, LAS (linear alkyl sulfonates), for the most
part, have replaced ABS in detergent formulation
hecause LAS surfactants are biodegradable and
may be removed from waste water by ordinary
treatment.

Both ABS and L:AS are methylene blue active
substances but are not identical in color produe-

tien for spectrophotometrie determination. Owing

to this, methylene blue active substances are
measured in units relative to an ABS standard.

1, Summary of method

Methylene blue reacts with anionic surfactants,
hoth ABS and LAS, to form a blue-colored dye
complex, The complex is extracted in chloroform,
and the methylene blue active substances are de-
termined spectrophotometrieally. This method is
similar in substance to “Standard Methods,” 12th
edition (Am. Public Haalth Assoc., 1965).
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L}
2. Application

This method is applicable to the .z2nalysis of
waters containing 0.025-160 mg/l MBAS (meth-
vlene blue active -substances relative to ABS
standard).

3. Interferences

Phenols, proieins, and inorganic chlorides,
cyanates, nitrates, and thiocyanates will complex
methylene blue and give positive interference in
the determination. With ABS concentrations
from 0.0 to 1.0 mg/], tests have shown no inter-
ference from the following individual eonstituents:
10 mg/1 NO,, 25 mg/l NO,, 5 mg/l phenol, and
1 mg/1 H,8. Organic compounds having amine
groups cause low results,

4. Apparatus

4.1 Separatory funnels, 500-ml, uniubricated
glass or teflon stopcock.
4.2 Spectrophotomeler, Beckman Model B, or
equivalent,
‘With this instrument the following eonditions
have been used:

Wavelength - oo e 635 nm.'
Cells. oo oo 10 mmn.
Phototube. e cc e e s Red-sensitive.
Initial sensitivity setting_ . .. 2.

Blit width. - cmee e 0.2 mm;
Blank. .o CHCL

With these operating conditions, the following
absorbanees have been observed:

MBAS (e ABS) Absorbance
(mg)

000 . e e 0.052
02 e 150
(1 S 438
10 e ————m 870

5. Reagents

5.1 Chloraform, spectrophotometric grade.

5.2 Detergent (ABS) standard solution I:
Dissolve 1.030 g 97.1-percent-purity ABS powder
{(obtained from Association American Soap -and
Glycerine Producers, Ine., 295 Madison Ave.,
New York, N. Y. 10010, and dried over H,S0,
for 1 week) in 500 ml distilled water in & 1,000-m]
volumetric flask with gentle swirling. Allow the
foam to break and dilute to volume. Refrigerate
during storage.

5.3 Delergent standard solution II, 1.00
ml=0.010 g ABS: Dilute 10.0 ml detergent
gtandard solution I to 1,000 ml. Prepare fresh
weekly.

5.4 Methylene blue reagent: Dissolve 0.35 g
methylene blue in 0.01. sulfurie acid and dilute
to 1,000 ml with same.

5.5 Sulfuric acid solution, 5N Mix 245 ml
concentrated H,S0, (sp gr 1.84) in 500 m] water
and, after cooling, dilute to 1,000 ml.

4. Procedure

Samples should be collected aceording to the
recommended practice for organic analysis. Usu-
ally a 1-liter sample is adequate. LAS detergents
are biodegradable; therefore samples should be
analyzed as soon as possible after collection. All
glassware should be rinsed with dilute hydro-
chloric acid after washing. As a further precau-
tion, sample hottles, separatory funnels, and
beakers may be heat treated at 300°C overnight
to remove organic matier.

6.1 Measure a volume of sample eontaining
less than 0.10 mg MBAS and not to exceed 100
ml into separatory funnel. Dilute to 100 ml if
necessary. Prepare a blank and detergent stand-
ards in the same manner.

6.2 Adjust the pH of the sample to near
neutral if neeessary. To the sample, blank, and
standard solution, add 1.0 ml 5§ H.S0,, mix,
then add 5.0 ml methylene blue solution. Mix
thoroughly.

6.3 Add 25.0 ml chloroform and shake the
contents of the separatory funnel for 1 min.
Allow the layers to separate.

6.4 Drain the lower chioroform layer through
a layer of absorbent eotton contained in a small
filtering funnel inte 1.0-em eells and measure the
absorbance of the sample and standards against
the blank at a2 wavelength of §55 nm.

7. Colcvlations

Determine the amount of detergent contained
in the sample, minus the blank, from the standard
curve. Caleulate the amount of MBAS in the
sample using the following equation:

MBAS (relative to ABS standard) mg/]

- DEMBAS ) 000
ml sample .

¢
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8, Report

Report synthetic anionic detergents coneentra-
tions as follows: Less than 1 mg/], two decimals;
greater than 1 mg/l, two significant figures.

9. Precision

Deviation of =10 pereent may be expected in
the range of 1-5 mg/l in surface water.
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Nitrogen, ammonia

Ammonia nitrogen includes nitrogen in the
forms of NH, and NH M. As a component of the
nitrogen cycle, it is often present in water, but
usually in only small amounts. Ammonia is used
in some water-treatment processes., More than
0.1 mg/l usually indicates organiec pollution
(Rudolph, 1931).

There is no evidence that ammonia nitrogen in
water is physiologically significant to man or
livestock. Fish, however, cannot tolerate large
quantities. The toxicity to fish is directly related
1o the amount of free ammonia in solution; hence,
the toxicity is dependent on the pH of the water.
Ammonia decreases the ability of hemoglobin to
combine with oxygen, and the fish suffocate. Al-
though the tolerances of fish differ, 2.5 ml/l of
ammonia nitrogen is considered harmful] in the
7.4-8.5 pH range (Ellis and others, 1948).

The low concentrations of ammonia in natural
waters are of little industrial significance, except
thet ammonium salts are destroctive to concrete.

Distiliation method

1. Summary of method

The sample is buffered to a pH of 9.5 to mini-
mize hydrolysis of organic nitrogen compounds.
Ammonia is distilled from the buffered solution,

and an aliquot of the distillate is then Nesslerized.
Essentially, Nesslerization is the reaction between
potassium mercuric iodide and ammonia which
forms a red-brown complex of mereurie ammono-
basic iodide;

. Hela- 2KI+ NH,—Hg(NH,)I+2KI+HI.

Conecentrations of ammonia are then determined
by standard spectrophotometric measurements.
Alternatively, the distillate may be titrated with
standard sulfuric acid solution.

Additional information on the principle of the
determination is given by Kolthoff and Sandell
{1952, p. 633) and by Blaedel and Meloche .(1963).

2, Application

This method is recommended for analysis of
samples containing less than 2 mg of ammonia
and ammonium ion per liter. Higher concentra-
tions may be determined by the aliernate titra-
tion procedure provided.

2. Inferferences

Calecium, magnesium, iron, and sulfide interfere
with the Nesslerization, but the interference of
the metals is eliminated by the distillation, and
sulfide can be precipitated in the distillation flask
with a little lead carbonate.

Some organic compounds may distill over with
the ammonia and form colors with Nessler re-
agent which cannot be satisfactorily read with
the spectrophotometer. Under such conditions,
the sample should be distilled into H;BO; and
titrated with standard H.SQ,.

4, Apparatus

4.1 Kjeldahl distillation apparatus, 1,000-ml
flasks.
4.2 Specirophotomeler, Beckman Model B, or
equivalent.
With this instrument, the following operating
conditions have been used:

Wavelength . oo omeeoe o 425 nm

Cells_ e 40 mm.

Phototube_ oo Blue-gensitive.
Initial sensitivity setting. . 1.

Shit width_ . o eoemee e - 0.3 mm.

Blank - oo Ammonia-free  water

plus reagents.
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With these operating eonditions, the following
absorbances have been observed:

Nilragen Absorbence
(mg)
002 e 0.24
S 47
OB et 70
B L P 1.6
5, Reagents

5.1 Ammonium chloride standard solution I,
1.00 m]=1.00 mg N: Dissolve 3.819 g NH,CI,
dried overnight over sulfuric acid, in ammonia-
free water and dilute to 1,000 ml.

5.2 Ammonium chloride standard solution II,
1.00 ml=0.010 mg N': Dilute 10.00 ml ammonium
chloride standard solution I to 1,000 ml with
ammonia-free water. Prepare fresh,

5.3 Borale buffer solution: Dissolve 9.54 g
NaB07-10H:0 in ammonia-free water. Adjust
the pH to 9.5 with 147 NaOH (approx 15 ml)
and dilute to 1 liter with ammonia-free water,

5.4 Boric acid solution: Dissolve 20 g H;BO;
in ammonia-free water and dilute to 1 lter.

5.5 Methyl red indicator solution: Dissolve
0.1 g methyl red indicator in 100 mi ethancl.

5.6 Nessler reagent (CAUTION; Hgl, is a
cdeadly poison, and the reagent must be so
marked): Dissolve 100 g Hgl. and 70 g KI in a
small volume of ammonia-free water. Add this
mixture slowly, with stirring, to a eooled sclution
of 160 g NaOH in 500 ml ammonia-free water and
dilute to 1 liter. Allow the reagent to stand at
least overnight and filter through a fritted-glass
erucible.

5.7 Sodium carbonale solution, 0.0357A": Dis-
solve 1.892 g primary standard Na.CO; in carbon
dioxide free water and dilute to 1,000 ml.

5.8 Soddwm hydroride solution, 137 Dissolve
40 g NaOH in ammonia-free water and dilute to
1 liter.

5.9 Sulfuric actd standard solution, 0.0357 N,
1.00 ml=0.5 mg N: Mix 1.3 ml concentrated
H.50, (sp gr 1.84) with demineralized water and
dilute to 950 ml hefore standardization. Stand-
ardize by titrating 25.0 ml 0.0357.V Na.CO; to
pH 4.5,

6, Procedure

If acid has heen added to the sample ns a
preservative at the time of collection, this must

be neutralized with NaOH solution before pro-
ceeding with the analvsis. All glassware should
be rinsed with ammonia-free water, prepared by
passing distilled water through a mixed-bed ion-
exchange resin.

6.1 Free the distillation apparatus of am-
monia by boiling amimonia-free water until the
distillate shows no trace using Nessler reagent
{CAUTION: Deadly poison).

6.2 Measure a volume of sample containing
less than 1.0 mg ammonia nitrogen (500 ml
maximum) into a 600-ml beaker, and adjust the
volume to approximately 500 ml with ammonia-
free water.

6.3 Add 25 -ml borate buffer solution and
adjust the pH to 9.5 with 117 NaQH, if neeessary.

6.4 Immediately transfer the solution into
the distillation flask and distill at o rate of 610
ml per minute; cateh the distillate in a 500-ml
volumetric flask containing 50 ml boric acid
golution. The tip of the delivery tube must be
below the surface of the borie acid.

6.5 Colleet approximately 250 ml of dis-
tillate, dilute to 500 mli with ammonia-free
water, and mix.

6.6.A Nesslerization procedure

6.6.A.1 Pipet an aliguot of distillate contain-
ing less than 0.1 mg ammonia nitrogen (50.00 ml
maximum) into a graduate, and adjust the volume
to 50.0 ml with ammonia-free water.

6.6.A.2 Prepare a blank of ammonia-free
water and sufficient standards. Add 5 ml boric
acid solution to each, and adjust the volumes to
50.0 ml.

6.6.A.3 Add 1.0 ml Nessler reagent (CAU-
TION: Deadly poison), and mix,

6.6.A.4 Allow the solutions to stand at least
10 min, but not over 30 min.

6.6.A.5 Determine absorbance of test sample
and standards against the blank,

6.6.3 T'ilration procedure

6.6.B.1 To the distillate, and an smmonia-
free water hlank eontaining the same volume of
H;BOy, add 3 drops methyl red indicator solution,
and titrate with sulfurie acid standard solution.

7. Calculations

7.A Nesélerizalion procedure
7.A.1 Determine mg N in aliquot from a plot
of ubsorbanees of standards.

"y
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7.A.2 Ammonia nitrogen as N, in mg/1

_ 1000 800
" ml sample ~ ml aliquot Mg 5 in alquot.

7.B Titration procedure
7.B.1 Ammonia nitrogen as N, in mg/]

T XN,X 14,000
= R,

where

V.=ml standard H.S50, used in titration of ,

sample minus ml used to tifrate blank,
Na=normality of standard T.50,, and
T".=1l of original sample used for distillation.

7.C Ammonia nitrogen as NH*, in mg/l=
mg/l as NX1.288. Ammonia nitrogen as free
NH;, in mg/l=mg/] as N X 1.216.

8. Report

Report ammonia nitrogen concentrations as
follows: Less than 1 mg/l, two decimals; 1 mg/1
and above, two significant figures.

9. Precision

No precision data are available.
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Nitrogen, nitrate

Nitrate is usually the most prevalent form of
nitrogen in water because it is the end product
of the aerobic decomposition of organie nitrogen.
Nitrate from natural sources is attributed to the
oxidation of nitrogen of the air by bacteria and
to the decomposition of organic material in the
soil. Fertilizers may add nitrate direetly to water
resources. Nitrate concentrations range from a

few tenths to several hundred milligrams per
liter, but in unpolluted water they seldom exceed
10 mg/1. Nitrate and chloride are major compo-
nents of human and animal wastes, and abnor-
mally high concentrations of both suggest
pollution.

Cyanosis due to methemoglobinemia may
oeeur in infants whose drinking or formula water
contains a high concentration of nitrates. The
nitrates, when ingested, are converted to nitrites
in the digestive system of some infants. The
nitrite ion oxidizes hemoglohin to methemoglobin
and thereby causes eyanosis. It is widely recom-
mended that water containing more than 10-20
mg/l of nitrate nitrogen should not be used in
infant feeding (Comly, 1045),

Nitrates in large amounts are injurious to the
dyeing of wool and sillk and are undesirable in
fermentation processes (California State Water
Quality Control Board, 1963). At least 2 mg/1 of
nitrate prevents intererystalline cracking of steel
in steam boilers.

Brucine method

1. Summary of method

The reaction between the alkaloid, brucine,
and nitrate in acid medium produces a yellow
color that may be measured by standard spectro-
photometric procedures. Close attention must be
given to procedural techmique if accuracy and
precision are to be obtained, The procedure is
similar to that of Jenkins and Medsker (1964).

2, Application

This method may be applied to essentially
colorless water eontaining up to 5.0 mg of nitrate
per liter. Any significant amount of color should
be removed. Samples containing higher concen-
trations must be diluted.

3. Interferences

Organic color, nitrite ion, and all strong
oxidizing and reducing agents interfere. The
interference by residual chlorine up to 5 mg/l
may be eliminated by addition of sodium arsenite,
and interference of up to 1 mg/1 of nitrite elimi-
nated by use of sulfanilic acid. The interference
by chloride is effectively masked by the addition
of a large amount of chloride ion to the reaction
mixture.
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4, ‘Apparatus v

4.1 Water bath, hoiling.
4.2 Spectropholometer, Beckman Model B, or
equivalent.
With this instrument, the following operating
conditions have been used:

Wavelengthc oo e 410 nm

Cells e e 23 mm
Phototube. v ccceo e Biue-sensitive,
Initial sensitivity setting_ _ _ ... 2.

8lit width (approximate)_ . .n-n-- 0.10 mm.

With these operating conditions, the following
ahsorbances have been ohserved:

NG, Absorbanee

(mg)

0008 it 0.115
010 e e 220
020 e 440
030 e e 640
040 e e 800
050 e e e 50

5. Reagents

5.1 Brucine-sulfanilic acid reagent: Dissolve
1 g brucine sulfate (CAUTION: Very poisonous)
and 0.1 g sulfanilic acid in 70 ml hot demineralized
water. Add 3 ml concentrated HCI (sp gr 1.19),
cool, and dilute to 100 ml. This solution is stable
for several months. The pink color that develops
does not affect its usefulness.

5.2 Nitraie standard solution I, 1.00 ml=1.00
mg NO;: Dissolve 1.631 g KNO;, dried overnight
over concentrated H,80,, in demineralized watier
and difute to 1,000 ml.

5.3 Niiraie stondard solution II, 1.00 ml=
0.010 mg NO;: Dilute 10.0 ml nitrate standard
solution I to 1,000 ml with demineralized water.

5.4 Sodium chloride solution: Dissolve 300 g
NaCl in 1 liter demineralized water.

5.5 Sulfuric acid, 29N : Add 500 m] concen-
trated H.S0, (sp gr 1.84) to 125 ml demineralized
water.

&. Procedure

6.1 Pipet a volume of sample containing less
than 0.05 mg NOQ; (10.0 ml ‘maximum) into a
23-mm absorption cel] and dilute to 10.0 ml

6.2 Prepare a demineralized-water blank
and sufficient standards and adjust the volume
of each to 10.0 ml,

6.3 Add 2.0 ml sodium chloride solution,
and mix well by swirling.

6.4 Place the absorption tubes into a cold-
water bath (15°-20°C) and add 10.0 ml 20N

H.80,. Mix well by swirling, return to cold-water -

hath, and aliow the contents of the tubes to. cool
to water-bath temperature.

8.5 Add 0.5 ml brucine-sulfanilic acid solu-
tion and mix thoroughly.

Norte.—If a deep-pink color forms immediately
upon addition of the brucine-sulfanilic aeid re-
ngent, it is an indication of a high nitrate con-
centration—exceeding the range of the method.
Buch sample aliquots must be discarded at this
point and the samples reanalyzed, using a smaller
aliquot.

6.6 Remove the rack of tubes from the cold-
water bath and place in a boiling-water hath for
20 min. The water bath must be sufficiently large
so that boiling does not cease when the tubes are
placed in it. This step is eritical. All tubes must
be heated uniformly.

6.7 Remove the tubes from the boiling-water
bath and immerse them in the cold-water bath.
Allow to eool before proceeding. This inhibits any
further eolor change. The cold-water bath must
be sufficiently large to cool all tubes uniformly.
Circulation of water in the bath is desirable.

6.8 Determine the absorbance of the sample
and standards against the blank within 1 hr.

7. Caleulations

7.1 Determine the mg NG; in the sumple
from a plot of absorbances of standards.

1,000

7.2 NO; in mg/l= ————
m] sample

Xmg NO; in
sample.
7.3 To convert NO; to N, multiply by 0.2258.

8. Report

Report NO; concentrations uss follows: Less
than 10 mg/l, one decimal; 10 mg/] and above,
two significant figures.

%, Precision

Single-laboratory analysis of two test samples
resulted in mean values of ‘0.9 and 2.9 mg/], and
standard deviations of 0.09 and 0.11 wmg/l,
respectively. '

e ————

"
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Reduction method

Samples containing more than 30 mg/l of
NQO; may be analyzed by reduction using
Devarda’s alloy, distillation of the resulting
NH;, and titration with standard H,S80, solution.
Details of the procedure are given by Blaedel
and Meloche {1963) and by Koltheff and Sandell
(1952). For high concentrations of nitrate, the
method vields results which are comparable in
ageuracy to those obtained by the brueine method.
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Nitrogen, niirite

Nitrite is unstable in the presence of oxygen
and is, therefore, absent or present in only
minute quantities in most natural waters under
aerobic conditions. The presence of nitrite in
water is sometimes an indication of organic
pollution.

Recommended tolerances of nitrite in domestic
water supplies differ widely. A generally accepted
limit is 2 mg/], but as little as 0.1 mg/] has been
proposed (California State Water Quality Control
Board, 1963). Nitrite is undesirable in water used
in dyeing wool and silk and in brewing.

Diazotization method

1. Summary of method

Nitrite is diazotized with sulfanilamide, and
the resulting diazo compound is coupled with
1-naphthylethylenediamine dihydrochloride to
form an intensely colored red dyve (Rider and

‘Mellon, 1945). The absorbance of the dye is

proportional to the amount of nitrite present
(Fishman and others, 1964).

2. Application

This method may be applied to samples con-
taining less than 4 mg nitrite per liter. Samples
containing higher concentrations must first be
diluted.

3. Interferences

None of the substances commonly oecurring in
natural water interferes with this method.

4. Apparatus

Spectropholometer, Beckman Model B, or
equivalent.
With this instrument, the following operating
conditions have been used:

Wavelength. . L 535 nm

Colls e e 10 mm
Phototube o e oo Blue-gensitive.
Initial sensitivity setting. ..o --._- 2.

Blit widthe oo oo 0.08 mm

With these operating conditions, the following
absorbances have been observed.

NO: Absorbance
(mg)
0,05 e 0.53
10 e 1.06
) ¥ 1.59
20 e 2.04
5. Reagents )

5.1 Formic acid, 87-90 percent.

5.2 1-naphthylethylenediamine dikydrochloride
solution: Dissolve 0.5 g I1-naphthylethylene-
diamine dihydrochloride in 100 ml demineralized
water. Store in refrigerator.

5.3 NYitrile standard solution I, 1.00 ml=1.00
mg NQ,: Dissolve 1.850 KNO, in demineralized
water and dilute to 1,000 ml.

5.4 Nitrile standard solution II, 1.00 ml=
0.010 mg NO,: Dilute 10.0 ml nitrite standard
solution I to 1,000 ml with demineralized water.

5.5 Sulfanilomide solution: Dissolve 0.5 g
sulfanilamide in 100 ml demineralized water.

4. Procedure

6.1 Pipet a volume of sample containing less
than 0.20 mg NO, (50.0 ml maximum) .into a
100-ml volumetric flask and adjust the volume
to 50 ml with demineralized water.




18 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

6.2 In u similar manner, prepare a blank and
sufficient standards containing 0.00-0.20 mg
NO;, and adjust the volume of each to 50 ml
with demineralized water. Place in ice bath and
allow to cool for about 2 min.

6.3 Add successively, while in the ice bath,
and mixing thoroughly after each addition: 1.0
ml sulfanilamide solution, 4.0 ml formie acid,
and 1.0 m] l-naphthylethylenediamine dihydro-
chloride solution.

6.4 Remove the flasks from the ice bath and
allow at least 15 min for maximum eolor develop~
ment. Adjust each to exaet volume with de-
mineralized water. Mix thoroughly and measure
the absorbance of samples and standards against
the blank. '

7. Calevlntions

7.1 Determine the mg NOs in the test
samples from a plot of absorbances of standards.

1,000

7.2 NO, 1 = —r———
O: in mg/l ml aliquot

Xmg NO, in
sample.
7.3 To convert NO, to N, multiply by 0.3043.

8. Report

Report NO; concentrations as follows: Less
than 1.0 mg/l, two decimals; 1.0 mg/] and above,
two significant figures.

9. Precision

Wo precision data are available.

References

California. State Water Quality Control Board, 1963,
Water quality eriteria: Pub. 3-A, p. 226.

Fishman, M. J., Skougstad, M, W., and Searbro, G. F,,
1964, Diazotization method for nitrate and nitrile;
Am. Waier Works Assoc. Jour,, v. §6, p. 633.

Rider, B. F., and AMelion, M. G., 1945, Colorimetric de-
termination of nitrites: Indus., Eng. Chemistry, Anal.
Ed., v. 18, p. 76.

Nitrogen, organic

Organic nitrogen includes all nitrogenous or-
ganic compounds, such as amino acid, poly-
_peptides, and proteins. It is present naturally in
all surface waters as the result of inflow of nitroge-
nous products from the watershed and the normal
hiological life of the stream. Effluents of sewage

and waste from slaughter houses and chemical
plants often contain nitrogen in varying com-
binations. Organic nitrogen in unpolluied ground
water is usually very low.,

Organic nitrogen is not pathologically signifi-
cant but is sometimes an indieation of pollution.
Organie nitrogen is important to considerations
involving aquatic biology.

Kieldaht method

1. Summory of method

Organie nitrogen is degraded to the ammonium
jon by digestion with sulfuric acid in the presence

of copper sulfate, which acts as a catalyst. The

solution is made alkaline with sodium hydroxide,
and the free ammonia is distilled off and Nessler-
ized. The color developed is proportional to the
organie nitrogen eontent.

Additional information on the principle of the
determination is given by Kolthoff and Sandell
(1952, p. 537).

2. Application

This method may be applied to most natural
water containing less than 2 mg of nitrogen per
liter. Higher concentrations must be reduced by
dilution.

3. interferences

Nitrate and nitrite do not interfere. The effect
of ammonium ions and 2mmonia is strictly
additive. Therefore, the organic nitrogen is
normally determined on the residue of the am-
monia nitrogen determination,

Caleium, magnesium, iron, and sulfide interfere
with the Nesslerization, but the interference of
the metals is eliminated by the distillation.
Sulfides interfere and must be precipitated in the
distillation flask with a little lead earbonate be-
fore addition of sodium hydroxide.

Some organie compounds may distill over with
the ammonia and form ecolors with Nessler re-
agent which eannot be satisfactorily read with
the spectrophotometer. Under such conditions,
the sample should he distilled into H;BO; and
titrated with standard H,S0,.

4. Apparatus

4.1 Kjeldahl distillation apparatus, 1,000-ml
flasks.

- P,
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4.2 "Spectropholometer, Beckman Model B, or’
equivalent.
With this instrument, the following operating’
conditions have been used:

Wavelength_ oo . 425 nimn.

Cells. oo e 40 mm.

Phototube, .o cu_mmns PR Blue-sensitive,

Blank. s oo e e Ammonia-free water
plus reagents,

Injtial sensitivity setting__._ 1.

Blit width (approximate)__.. 0.3 mm.

With these operating conditions, the following
absorbances have been observed:

N Absorbance
(ma)
002 e .24
04 e 47
OB o e 70
1 S 1.16
5. Reagents

5.1 Ammonjum chloride standard solution I,
1.00 ml=1.00 mg N: Dissolve 3.819 g NH,C],
dried overnight over sulfuric acid, in ammonia-
free water and dilute to 1,000 ml.

5.2 Ammonium chloride standard solution 1T,
1.00 ml=0.010 mg N: Dilute 10.00 ml NH,Cl
standard solution I to 1,000 ml with ammonia-
free water. Prepare fresh.

5.3 Borate buffer solution: Dissolve 9.54 g
Na.B4Oq+ 10H,0 in ammonia-free water. Adjust
the pH to 9.5 with 1/ NaOH (approx 15 ml) and
dilute to 1 liter with ammonia-free water.

5.4 Boric acid solution: Dissolve 20 g H,BO;
i ammonia-free water and dilute to 1 liter.

5.5 Copper sulfate solution: Dissolve 10 g
Cu80,4-5H,0 in ammonia-free water and dilute
to 100 ml.

5.6 Nessler reagent (CAUTION: Hgl, is a
deadly poison, and the reagent must he so
marked): Dissolve 100 g Hgl, and 70 g Kl in 2
small volume of ammonia-free water. Add this
mixture slowly, with stirring, to a eooled solution
of 160 g NaOH in 500 ml ammonia-free water and
dilute to 1 liter, Allow the reagent to stand at
least overnight and filter through a fritted-glass
crucible,

5.7 Sodvum hydroxide solution, 10N: Dis-
solve 400 g KaOH in ammonia-free water and
dilute to 1 liter. '

5.8 Sulfuric acid, concentrated (sp gr 1.84).
b, Procedure

All glassware should he rinsed with ammonia-
free water.

6.1 Free the distillation apparatus of am-
monia by boiling ammenia-free water until the
distillate shows no trace using Nessler reagent
(CAUTION: Deadly poison).

6.2 The residue from the ammonia nitrogen
determination may be used for this determination.
Alternatively, buffer o volume of sample contain-
ing less than 1.0 mg organic nitrogen (500.0 ml
maximum) to pH 9.5 with borate buffer solution
and evaporate to approximately 20 pereent of
ariginal volume to drive off ammonia.

6.3 Cool; add 10 ml concentrated H:S0; and

1 ml CuBQ; solution.

6.4 Digest under 2 hood until copious fumes
are given off and the lquid becomes colorless or
pale yellow.

6.5 Cool and dilute to approximately 300 ml
with ammonia-free water,

6.6 Add 50 ml 10.V NaOH cautiously down
the side of the flask.

6.7 Immediately connect the flask to the
distillation apparatus, and cautiously mix the
contents by swirling gently.

6.8 Distill at a rate of no more than 10 ml
nor less than 6 m] per minute; catch the distillate
in a 500-ml volumetric flask containing 50 ml
boric acid solution. The tip of the delivery tube
must be below the surface of the boric acid.

8.9 Colleet approximately 250 ml distillate,
dilute to 500 ml with ammonia-free water, and
mix, -

6.9.A Nesslertzation procedure. Proceed as
directed in “Nitrogen, Ammonia,” steps 6.6.A.1~
6.6.A.5.

6.9.B Titration procedure. Proceed as directed
in “Nitrogen, Ammonia,” step 6.6.B.1.

7. Caleulations

7.A Nesslerization procedure .
7.A.1 Determine a reagent blank for each new
hateh of Ha80, by taking 300 ml ammonia-free
water through the entire procedure: *

mg reagent blank=mg N per 10 m] H.S0,

ml aliquot
ml distillate
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7.A.2 Determine the mg N in the aliquot
from a plot of absorbances of standards.
T.A.3
Organie nitrogen as N, in mg/1
1,000 500
" ml sample

ml aliquot

Xf(mg N in aliguot) — (mg reagent blank)].
7.B Titration procedure
7.B.1 Ammonia nitrogen as N, inmg/]

VX N4 X 14,000
where
Te=ml standard H.80, used in titration of
sample minus ml used to titrate blank,

N.=normality of standard H,S0,, and
¥ o=ml of original sample used for distillation.

7.C Ammonia nitrogen as NH,*, in mg/l=

g/l as N X1.288.

Ammonia nitrogen as free NH;, in mg/l=
mg/1 as N X 1.216.

8. Report

Report organic nitrogen concentrations as
follows: Less than 1.0 mg/l, two decimals;
1 mg/1 and above, two significant figures.

9. Precision

No precision dats are available.
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Oxygen demand, chemical (COD)

The oxygen-demand determination is a measure
of the readily oxidizable material in the water, and
it furnishes an approximation of the minimum
amount of organic snd reducing material present.
In reality, the term ‘“chemieal oxygen demand”
is defined by the method used for its determina-
tion. In the method given below it is defined as
the amount of oxygen used by the sample when
refluxed 2 hr with an excess of acid-potassium
dichromate solution. The determined value may
correlate with natursl-water color or with ear-

bonaceous organie pollution from sewage or in-
.dustrial wastes.

Normal, unpolluted river waters generally have
8 COD from about 10 to 30 mg/1; mildly polluted
river waters, 25 to 50 meg/1; and domestic sewage
about 250 mg/1 (R. C. Kroner, written eommun.,
1970).

Tolerances for oxygen-demand values in feed
water for low- and high-pressure boilers are 15 and
3 mg/l, respectively. Wash water containing more
than 8 mg/l has been reported to impart a bad
odor to textiles; eoncentrations for water used in
beverages and brewing range from 0.5 to 5.0
mg/l (California State Water Quality Control
Board, 1963). '

Dichromate oxidation method

1, Summary of method

Organic and other oxidizable material is oxi-
dized by refluxing with standard acid-dichromate
solution in the presence of silver sulfate catalyst.
The excess dichromate is titrated with standard
ferrous ammonium sulfate, using orthophenan-
throline ferrous complex as indicator (American
Society for Testing and Materials, 1968).

2. Applicotion

This method can be used for analysis of natural
waters and indusirial wastes containing less than
2,000 mg/1 chloride ion and more than 50 mg/1
chemical oxygen demand (COD). Samples con-
taining less than this amount should be analyzed
as directed in step 6.9. COD values for waters
containing more than 2,000 mg/] of chloride jon
should be corrected us indicated in step 6.10.

3. Interferences

Reducing substances such as ferrous iron and
chlorides interfere since they are oxidized.
Chlorides constitute by far the largest and most
common interference, being quantitatively oxi-
dized by dichromate in acid solution. One mg/]
Ol is equivalent to 0.226 mg/1 COD. To elimi-
nate chloride interference, mercuric sulfate is
wdded to the sample to form a soluble mercuric
chloride complex.

Care should be taken to prevent heating of the
sample during addition of reagents to minimize
loss of volatile constituents.

>
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4. Apparatus

4.1 Reflur apparatus consisting of a 500-ml
erlenmever flask and water-cooled condenser,
with ground-glass joints and made of heat-
resistant glass.

4.2 Hol plate or heating mantle.

5. Reagents

5.1 Ferrous ammonium sulfate standard soju-
tion, 0.2500.V: Dissolve 98.0 g FeSO,(NH,).S0,-
6,0 in demineralized water. Add 20 ml concen-
trated H.50y cool, and dilute to 1 liter. To
standardize, dilute 25.0 m] standard 0.2500.\V
K.Cr:0y solution to 250 ml. Add 20 ml coneen-
trated H.S0, and cool. Titrate with the ferrous
ammonitin sulfate solution, using 8-10 drops
Ferroin indieator. The solution must be stand-
ardized daily, or before use.

52 Mercuric sulfate, powdered HgSO0,.

5.3 Orthophenanthroline ferrous sulfate (Fer-
roin} indicalor solution: Dissolve 1.48 g 1,10-
(ortho)-phenanthroline monohydrate and 0.70 g
Fe30,-7H.0 in 100 ml of water. The prepared
indicator is available commereially.

5.4 Potassium dichromate standard solution,
0.2500.V: Dissolve 12.259 g K.Cr.0; primary
standard, dried for 2 hr at 100°C, in demineralized
water and dilute to 1,000 ml.

5.5 Silver sulfate, powder,

5.6 Sulfuric acid, concentrated (sp gr 1.84).

4, Procedure

6.1 Pipet 50.0 ml of sample or a smaller
aliquot diluted to 50.0 ml into the reflux flask
and .add slowly, over a period of 2-3 min, 1 g
Hg80,; allow to stand 5 min, swirling frequently.

6.2 Add 1 g Ag.80, and a few glass beads
that have been ignited at 600°C for 1 hr.

6.3 Cool in iee water and add 75 ml concen-
trated H.S0;, slowly enough, with mixing, to
present appreeciable solution heating with the
consequent loss of volatile constituents.

6.4 Add 25.0 ml 0.2500N ¥.Cr.0; solution
and mix thoroughly by swirling.

6.5 Attach flask to condenser, start water
flow, and refiux for 2 hr.

Nore.—If contents are not well mixed, super-
heating may result, and the contents of the flask
may be blown out of the open end of the con-
denser.

6.6 Allow flask to cool, and wash down con-
denser with 25 ml water.

6.7 Dilute t0.300 ml with demineralized
water, cool to room temperaiure, and titrate the
excess diehromate with 0.25008 ferrous am-
monium sulfate solution, using 8~10 drops Ferroin
indieator solution. The end point is a sharp
change from blue green to reddish Brown.

6.8 A demineralized-water blank is carried
through all steps of the procedure with each group
of samples.

6.9 Samples containing less than 50.0 mg/1
COD should be reanalyzed, using 0.025N solu-
tions of ‘potassium dichromate and ferrous
ammonium ' sulfate. A sample size should be
selected so that no more than half the dichromate
is reduced. A further inerease in sensitivity may
be obtained by evaporating a larger sample to
150 ml in the presence of all reagents. A blank
should be treated in a similar manner.

6.10 To obtain more accurate COD values
for samples containing more than 2,000 mg/1 of
chloride ion, the following procedure may be used
(Burns and Marshall, 1965). A series of chloride
solutions are analyzed by the procedure indicated
above, except that 10 mg of HgS0, is added to
each solution for each milligram of chloride ion
present instead of a constant 1-g quantity. The
chloride concentrations should range from 2,000
mg/l to 20,000 mg/l, with the concentration
interval not exceeding 4,000 mg/]. Plot the COD
values obtained wversus milligrams per liter
chloride. From this eurve, COD values may be
obtained for any desired chloride concentration.
This value is subtracted as a correction factor to
obtain the COD value of a sample,

7. Calevlations
Calculate the COD in each sample as follows:

7.1 For samples not requiring chloride ecor-
rection:
{a—b)eX8,000

COD, in mg/l= m! sample '

7.2 For samples requiring chloride correction:

(a—Db)eX 8,000

COD, in mg/l= [ ] —X1.20,
ml sample



22 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

1

where;

COD =chemical oxvgen demand from di-
chromate,
a=ml ferrous ammonium sulfate for
blank,
b=ml ferrous ammonium sulfate for
sample,
¢=normality ferrous ammonium sulfate,
d=chloride correction value from graph
of chloride concentration versus COD,
and
1.20 =empirical compensation factor.

8. Report

Report COD ‘as follows: Less than 10 mg/l,
whole numbers; 10 mg/l and above, two signifi-
cant figures. - ‘

9. Pracision

No precision data are available. The general
preeision of COD determinations has been re-
viewed by the Analytieal Reference Service of the
T.8. Public Health Serviee (1965).
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Phenolic material

Phenolic material in water resources is usually
a result of pollution from oil refineries, coke
plants, and from chemical manufacture. Mixed
phenolic wastes at 0.02-0.15 mg/1 levels in water
cause tainting of fish flesh. Low coneentrations of
phenol impart a very disagrecable taste to drink-
ing water. Reported thresholds of taste and odor
range from 0.01 to 0.1 pg/1. Chlorination produces
an even more disagreeable taste and odor by re-
aeting with the phenols to form chlorophenols.
Concentrations of phenolie material up to 1,000
pg/1 arc not helieved toxic to animals, but 5.0

wg/l is harmful to many fish (Federal Water
Pollution Control Administration, 1968).

1. Summary of method

The steam-distillable phenols react with 4-ami-
noantipyrine at pH 10.0::0.2 in the presence of
potassium ferrievanide to form a colored anti-
pyrine dye, This dye is extracted from aqueous
solution with chloroform, and the absorbance iz
measured at a wavelength of 460 nm. The con-
centration of phenolic compounds is expressed as
micrograms per liter of phenol (CeH:OH). This
method is similar in prineiple to, but different in
detail from, ASTM Method D 1783-62 (1969, p.
B15-521),

2. Application

This method may be uged to analyze waters
containing from 0.0 to 1,000 ug/l of phenoclic
material.

3. Interferencas

Other phenclic compounds, as determined by
this method, may produee less color than an
equivalent amount of phenol itself. The introduc-
tion of substituent groups to the benzene nucleus
of phenol lowers the sensitivity of the particular
compound to color formation. The composition of
various phenalic compounds which may be present
in a given water sample is unpredietable. Phenol
itself, therefore, has been selected as the standard
for reference. Using this basis, the amount of
phenol determined represents the minimum con-
centration of phenolic compounds present in the
sample. _

Certain baecteria, oxidizing and reducing sub-
stances, and highly alkaline waste waters may
interfere with this method. Information for re-
moval of major interference may be found in
ASTM Method I 1783-62 (1969, p. 515-521).

4. Apparatus

4.1 Distillation apparafus, all glass, consisting

of a 1-liter Pyrex distiliing apparatus and a.

water-cooled condenser.

4.2 Funnels, Buchner type with fritted-glass
disk (15-ml Corning 36060, or equivalent).

4.3 Pholomeler, spectrophotometer or filter
photometer suitable for use at a wavelength
setting to 460 nm, and accommodating cells
having light paths of 1.0 and 10 em.
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4.4 pH meler, plass clectrode.

4.5 Seperatory  funnels, 1-liter ecapacity,
Squibb type, with unlubricated glass or teflon
stopeock.

5. Reagents

All reagents must be prepared with phenol-free
distifled water. De-ionized water is usually not
satisfactory.

5.1 Aminoantipyrine solution: Dissolve 2.0 g
4-aminoantipyrine in distilled water and dilute to
100 ml, This solution is not stable for storage and
should be prepared each day of use.

5.2 Ammontum chloride solution: Dissolve
20 g of reageni-grade ammonium chloride in
water and dilute to 1 liter.

5.3 Ammondum hpdroride, concentrated {(sp
gr 0.90), ACS reagent grade.

5.4 Chioroform, spectrophotometric grade.

5.5 Copper sulfate solution: Dissolve 100 g of
CuB0;-5H.0 in water and dilute to 1 liter.

5.6 Phenol standard solution, 1.00 ml=1.00
mg phenol: Dissolve 1.00 g analytical reagent
phenol in 1,000 ml freshly boiled and cooled dis-
tilled water. Solution may be used for up to 1
month.

5.7 Phosphoric acid solutien: Dilute 10 ml
85-percent H;PO, to 100 ml with distilled water.

5.8 Potasstum ferricyanide solution: Dissolve
8.0 g X;Fe(CN); in water, dilute to 100 ml, and
filter. This solution is not stable and should be
prepared each day of use.

5.9 Sodium sulfale, anhydrous, ACS reagent
grade, granular.

6. Procedure

Samples should be colleeted secording to the
recommended practice for organic samples. Sam-
ples must be preserved with 10 ml of copper
sulfate and 2 ml of phosphoric acid soiution. A
sealed glass ampoule of the preservative, with
instruections, should aecompany the sample con-
tainer. A 1-liter sample should be collected for
each analysis. Samples should be protected from
light and analyzed as spon as possible. The
analyst is referred to “Standard Methods,” 12th
edition (Am. Public Health Assoc., 18965), for
the analysis of very alkaline or highly polluted
water,

6.1 Measure 500 m! of the sample into a
beaker. Determine the pH ancd adjust below 4.0

-

if necessary. {Add 5.0 mi of copper sulfate solu-
tion if for any reason it was not added at sam-
pling.) Transfer the solution to the distillation
apparatus, add boiling stones, and set for dis-
tillation. Collect 450 ml of distillate and stop. Add
50 ml of distilled water to the residue and proceed
with the distillation until 500 ml of distillate is
collected.

6.2 Prepare a 500-m] distilled-water blank.
Also prepare 500-m] standards containing 5, 10,
20, 30, 40, and 50 ug of phenol, using the standard
phenol solution.

6.3 Treat the sample, blank, and standards

_ as follows: Add 10.00 ml ammonium chloride solu-

tion and adjust the pH to 10.04-0.2 with econcen-
trated ammonium hydroxide. Transfer the solu-
tion to a 1l-liter separatory funnel, add 3.00 ml of
amineantipyrine solution, mix, add 3.00 ml of
potassium. ferricyanide solution, and again mix.
Allow the color to develop for 3 min, and a elear
to light-yellow solution should result.

6.4 Add 25.0 ml ehloroform for 1- and 3-cm
cells and 50.0 ml for 10-cm eells. Shake the
separatory funnel vigorously for 1 min. Allow the
layers to separate and repeat the shaking,

6.5 After the layers have separated, draw off
the lower chloroform layer and filter through a
5-g layer of sodium sulfate, using the sintered
glass funnel, directly into the appropriate ab-
sorption cell. Avoid working in a draft fo reduce
evaporation of the solvent.

6.6 Measure the absorbanee of the sample
and standards against the blank at a wavelength
of 460 nm. Prepare a calibration curve plotting
absorbance against micrograms of phenol.

7. Colkevlotions

Phenol (ug/1) =

o R

X 1,000,

where

A = pg phenol measured, and
B=ml of the original sample used.

8. Report

Report phenolic material concentration for less
than 100 pg/! to the nearest whole mierogram, and
greater than 100 ug/l to two significant figures.

9. Precision

Precision at 5 mg/1 for phenol only is =5 per-
cent but is variable for other phenolic materials,
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Because of interferences and because it is only a
relative measure, the result should be considered
as a minimum value.
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Pesticides—Gas chromatographic
analysis

The ‘term ‘“‘pesticide’” encompasses a broad
class of toxicants used to confrol inseets, mites,
fungi, weeds, aquatic plants, and undesirable
animals. More specific designations inelude such
terms as insecticides, miticides, fungicides, herbi-
cides, and rodenticides.

Synthetic organic pesticides have introduced a
far-reaching technological advance in the control
of pests. Although the compound DDT (dichloro-
diphenyltrichlorocthane) was first synthesized in
1874, its insecticidal properties were not dis-
covered until 60 years later. Since the introduc-
tion of synthetic chemical pesticides in the United
States, annual production has reached 1 billion
pounds. There are almost 60,000 pesticides
formulations registered, and each contains at
least one of approximately 800 different pesticide
compounds (Simmons, 1969).

‘With the increased coneern by noted world
ecolopists over the effects of toxic pesticides on
the environment, efforts are being made to substi-
tute more specific, fast-acting, and easily de-
gradable compounds for the chlorinated hydro-
carbon pesticides. These pesticides were developed
for general applieation and have proved to be
very resistant to environmental degradation,

1. Summary of method

Prepared extracts of water or sediment are
analyzed for pesticides by gas chromatography.

The technique of gas chromatography is most
useful for qualitative and quantitative analysis of
multicomponent mixtures. Small volumes of ex-
tract, as little as 1 ul, are injected into the gas
chromatograph, where the components are sepa-
rated and detected, The separation of vaporized
material takes place in the chromatographic
column as it is carried along by a flow of inert gas.
Actual separations oceur as the component vapors
partition between the vapor phase and a non-
volatile stationary liquid incorporated in the
cotumn. Each eomponent, according to its physi-
cal and chemical properties, enters and leaves the
stationary liquid at a unique rate. Because this
partitioning is oceurring between a moving vapor
and a stationary liquid, components injected at
one end of a column emerge from the other end
at different times.

Several different devices are available for de-
tecting and measuring pesticides as they emerge
from the column. The electron-capture detector
is highly sensitive, responding to as little as 0.1 pg
(picogram) of lindane, and is used extensively for
detecting the prescnce of pesticides in water.
Other somewhat less sensitive detectors, such as
mierocoulometric and flame photometric, are used
in pesticide analysis because they respond only to
specific elements incorporated in the pesticide
molecules, and thus aid identification. There are
numerous books and papers on the analysis of
pesticides by gas chromatography. One such
treatment is ‘Pesticide Residue Analysis Hand-
hook™ (Bonelli, 1965). The book, “A Programmed
Introduction to Gas-liquid ~ Chromatography’”
{Pattison, 1969), is a good source for heginning
gas chromatographers.

2. Application

Organic insecticides and herbicides which are
volatile or ean he made volatile for gas ehromato-
graphic purposes may be analyzed by this tech-
nigue.

3. Interferences

The ‘most seriously interfering substances for
chlorinated pesticide analysis are halogenated
organic compounds, such as “polychlorinated
biphenyls” from industrial waste. Any compound
or compounds having chemical properties similar
to the pesticides of interest may cause inter-

6‘ :
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ference. The electron-capture detector is ex-
tremely sensitive but much less specific than the
other detectors mentioned above and, s a result,

" is much less reliuble when interfering substances

are present. Speeial precautions are neeessary to
avoid contamination during sample handling and
to remove extraneous material from the sample
extract.

4. Apparotus

4.1 Electron-caplure yas chromafograph: A gas
chromatograph having an electron-capture de-
tector which, for an injection of 0.1 ng (nanogram)
of aldrin, gives 100 mv-sec (millivoli-seconds) of
response is adequate. A Varian-Aerograph Model
600-D, or eguivalent, may be used. (A radioiso-
tope-byproduct-material license is required for
electron-capture detectors employing H® or Ni
sources.}

4.2 Flame-photometric gas chromatograph: A
gas chromatograph equipped with a Melpar
flame-photometric detector having filters for the
specific detection of phosphorus or sulfur. Such
an instroment is the Micro-Tek Model MT-220
flame-photometric gas chromatograph. A pro-
vision for venting solvent effluent between the
eolumn and the detector should he specified.

4.3 Micrecoulomelric-titraling gas chromato-
graph: A gas chromatograph connected to a
Dohrmann miecrocoulometer detection system.
The system employs a Model 8-200 sample-com-
bustion unit, a Model C~200 coulometer-amplifier,
and a choice of titration cells, namely: for halides,
the T-300-8 cell; for sulfur, the T-300-P cell;
and for nitrogen, the T-400-H cell. This unit may
be used with the Micro-Tek Model MT-200 gas
chromatograph, or equivalent.

4.4 (Gas clromalographic columns: The gas
chromatographic eolumns are fabricated from
1.5-m (meter) lengths of Pyrex glass tubing, For
electron capture, 1.8-mm ID (inside diameter)
tubing is used preferably, whereas for other
moades of detection either 1.8-mm ID or 4-mm
ID glass tubing may he used. The smaller hore
columns aecept injection volumes up to 10 gl and
the larger bore columns will necept volumes up
to 80 ,uI.

Gas Chrom Q support, 60/80 mesh, is used for
the preparation of two different column packings
as follows: (1) With 5 percent by weight DC-200

silicone oil (viseosity 12,500 centistokes) and 0.5
percent by weight Carbowax 20 M; and (2) with
5 percent by weight QF-1 fluorinated silicone oil
{also designated FS5-1265) and 0.5 percent by
weight Carbowax 20 M. The support should be
coated with the liquid phase by the “frontal
analysis’”’ technique (Smith, 1960). The packing
materials are loaded in the glass eolumns using
vibration and a vacuum to settle. The packing is
held in place by small plugs of “silanized” glass
wool.

The columns are installed in the gas ehromato-
graph and are conditioned as follows: (1) Purge
the columns for 30 min with inert carrier gas. (2)
Turn off carrier gas flow and heat the columns to
250°C for 2 hr, {3) Reduce the temperature to
210°C and allow temperature to equilibrate for
30 min. (4) Turn on carrier gas flow to about 30
m]/min (milliliters per minute) and sontinue heat-
ing the column at 210°C for 12 hr. The ecolumn
should not be conmected to the detector during
column eonditioning.

After conditioning, the columns are ready for
use. Performance and retention-time character-
isties must be determined for each column by
use of standards. Retention data in tables 1, 2,

Takle 1,—Reteantion values for chiorinated hydrocarbon
insecticides, relafive to aldrin-

Columns. o e e 1.8-m long X 1.8-mm ID
Carrier gos oW e e s cmrm e 30 ml/min nitrogen.
Column temperasure. ... ccvacoccneenn- 185°C,

Electron-eapture detector.

Relative retention time

Inseeticides 5 percent § percent

DC-200 QF-1
Lindene. . oo e 0.46 0.80
Heptachlor oo oe e .79 .87
Aldrin? L . 1.00 1.00
Isodrin. . 1.18 1.34
Heptachlor epoxide. ... ... 1.28 2.06
Dieldrin. o mo L 1.82 3.31
pp-DDE. .. 1.98 2,86
Endrin_ s 2.15 3.943
2,0POD e 2.53 4.24
o, p-DDT_ . 2.69 3.01
pp-DDT e 3.41 4.69
Methoxyehlor oo ooomeeann 5.36 7.96

3 Aldrin retention times; DC-200, 4.18 min: QF-1, 2.60 min,
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‘Table 2.—Retention values for phosphorothioote insecticides,
relative to parathion

ColUmnS. o v emceme— [ e m—— 1,8-m long X 4.0-mm ID
Currier gas flow,. o cavamccecnoo - 75 ml/min nitrogen.
Column temperature. - . oooooee_ - 185°C.
Flame-photometric detector.

Relative retention time

Insecticides 5 percent 3 pereent
DC-200 QF-1
Dioxathion. o ..o __.___ 0.50 0.40
Diazinon. oo 55 22
R 620 b J .71 .34
Methy] Parathion. .- _._.__ .72 1.04
Malathion .. cocmmmcccminmes .93 .79
Parathion . .o cimmeme e 1.00 1.00
Methyl Trithion. oo _cmevns 2.2 2.7
Bthion. .o e 2.6 1.84
Carbophenothion. ... ___-. 2.9 2.48

3 Parathion retention times: DC-200, 3.82 min; QF-1, 4.55 min,

and 3 may be used as a guide for evaluating the
columns. Column efficiency is measured by em-
ploying the following equation:

t 2
n=16 (—T-)
At

n=number of theoretical plates,

ir=uncorrected retention time of peak, and

Al=peak retention width (length of baseline
cut by the two tangents of the peak at
the half-height points).

where

Using a p,p’-DDT standard to test the column
efficiency, a value of no less than 1,500 theoretical
plates for a 1.8-m column is eonsidered acceptable
for pesticide analysis.

4.5 Microliter capillary pipets: Volumetric
micropipets in 1, 5, 10, and 25 pl sizes; the dis-
posable types are satisfuctory.

4.6 Aficrolier syringes: Three microsyringes
having capacities of 10, 50, and 100 gl, respec-
tively, are used. The syringe needle should be
about 2 inches long and have a point shaped to
prevent punching out a core when penetrating
the injection septum.

4.7 Compressed gases: Use only the gases
recommended by the vendor for the particular
instrument system being used. Also, sclect pre-

purified grade or better, furnished in size 1A
high-pressure eylinders. (CAUTION: Never use
oxygen regulators for other gases.)

4.8 Microbalance: A Cahn Gram Electro-
balance, or equivalent.

4.9 Tolumetric glassware: Class A volumetric
flasks in 5, 10, and 25 ml sizes. The stoppers
should fit well because volatile organic solvents
are used for dilutions. Volumetric ware such as
supplied by Kontes Glass Co., or equivalent, is
acceptable.

4.10 Infegrating equipmment: A compensating
polar planimeter readable to the nearest 0.01
square inch is acceptable. Other instruments or
methods of integration demonstrating greater
accuracy may be used.

4.11 Recorder: A 1-mv (millivolt) full-seale
response, 1-sec (second) pen speed, strip-chart
recorder. Such a recorder having a fixed or select-
able chart speed of one-hall inch per minute is
acceptable,

5, Reagenis

Solvents and reagents are specified for the
partieular isolation technique used, Recom-
mendations of the manufacturer should be
followed for special reagents to be used with a
particular gas chromatographic system.

5.1 Benzene, pesticide-analysis quality: Na-

nograde, distilled in glass, or equivalent. Benzene

is usually the solvent of choice for preparation of
concentrated standard solution hbeeause it is
relatively nonvolatile and the pesticide solution
can be stored for long periods in 2 safety re-
frigerator.

Table 3.~~Retention values for methyl esters of chicrinated
phenoxy ocid herbicides, relative to 2,4.D

Columns. o peccm e ammm = 1.8-m long X 1.8-mm ID
Carrier gas oW aecamecccmeccocoran 30 ml/min nitrogen.
Column temperadure. - oo oceramem o 145°C.

Electron-eaptiure detector.

Relative retention time

Herbicides 2 percent & pereent
DEC-200 Qr-1
24D e 1.00 1.00
(S VS R 1.42 1.22
2,4,5- T e 1.0 1.80

! 2,41 retention times: DC-200, 3.92 min; QF-1, 3,05 min.
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5.2 Pesticide standards: Reference or analyti-
cal-grade pesticide chemicals may be obtained
from gas chromatography specialty suppliers and
often also by written request from the manu-
fagturer, It is desirable to obtain a particular
pesticide from at least two different suppliers.

The pesticide standards should be refrigerated .

during prolonged storage, and appropriate hazard
warnings should be posted on the refrigerator.

6. Procedure

6.1 Stendardization

Each gas chromatographic system must he
calibrated to reference standards at the operating
conditions to be used for analysis.

6.1.1 Picogram standerds: Weigh 1.00 mg of
pesticide on the microbalance and transfer into a
10.00-m] volumetric flask. Dilute to volume with
benzene and mix thoroughly. Prepare & series of
required picogram standards from this solution,
(Example: Take 1.00 pl of the above pesticide
solution and dilute to 10.00 m] with the solvent
to be used in the analysis. The coneentration of
pesticide in the resulting solution is 10X 1012
g/ul (grams per mieroliter), nr 10 pg/ul {pico-
grams per microliter),)

6.1.2 Nanogram stendards: Weigh 5.00 mg of
reference pesticide info a 5.00-ml volumetric
flask and dilute to volume with benzene. Make o
series of appropriate nanogram standards from
this solution. (Example: Take 10.0 pl and dilute
to 10,00 ml -with the solvent to be used in the
analysis. The concentration of pesticide in the
resulting solution is 1.0X10~® g/ul, or 1.0 ng/ul
(nanogram per microliter}.)

6.1.3 Calibration: The picogram standards
are used for electron-capture gas chromatography,
and the nanogram standards are used for flame-
photometric and microcoulometric gas chroma-
tography. A 5.0-ul volume of each of the ap-
propriate standard solutions is injeeted infto the
gas chromatograph. The coneentration of pesticide
in the series of standard solutions should be such
to calibrate either the full range of linear detector
response or the range of anticipated pesticide
concentration in the sample, whichever iz less,
The injection should be made so that the selution
enters the injection port in a single volume and
in a reproducible manner. The volume injected
should be measured by reading the syringe before
and after injection, All information pertinent to

the standardization should be written direetly on
the recorder chart. Calibration should be per-
formed on both the DC-200 and the QF-1
columns.

6.2 Sample analysis

The sample extracts are analvzed in the same
manner as the standards and under the same
operating conditions,

6.2.1 The first analysis is performed by
electron-capture gas chromatography using the
DC-200 column. Concentration or dilution of the
extract may be required to allow a 5.0-pl injec-
tion. Proceed with the analysis by injecting 5.0
pl of the sample into the chromatograph, record-
ing the extract volume and the volume injected.
Do not make any subsequent injections until the
last compound has eluted and the baseline has
returned to mormal.

8.2.2 Run 2 calibration-retention-time stand-
ard and a reagent blank as an analysis check.
Should a pesticide be detected in the sample, a
standard containing the same pesticide at nearly
the same coneentration is also analyzed just after
the sample.

6.2.8 Pesticides deteeted in eoncentrations
ranging from 0.01 wg/l to 1.0 ug/l for water
samples, or from 0.10 pg/kg (microgram per
kilogram) to 1.0 ug/kg for sediment, must be
analyzed a second time by electron-capture gas
chromatography, on the QF-1 eolumn, for con-
firmation,

6.2.4 The presence of pesticides at concen-
trations greater than 1.0 pg/l in wafer or 1.0
pg/kg in sediment samples must be confirmed by
microcoulometric or flame-photometrie gas chro-
matography on both the DC-200 and QF-1
columns. This requirement is not intended to
restrict the use of specific detectors but rather to
indicate concentrations above which they must
be used. Specifie detection should always be used
whenever practical. Volumes of extract up to 10
gl for the smaller diameter ¢columns and up to 80
ul for the larger diameter columns may be in-
jeeted. In this instance, a check standard at nearly
the same concentration should also be run.

7. Cokulations

Baech gas chromatographic system must be
calibrated with standards. The response of the
gas chromatographic detector is usually the dis-
play of an analog signal on a strip-chart recorder.
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The signal is recorded as a differential eurve or
peak. The area inseribed beneath the peak is
proportional to the amount of material passing
through the gas chromatographic detector. The
" time elapsed from the introduction of the sample
to the differential curve maximum is designated
as the retention time for a particular component.
The retention time for a compound on a speecified
column is nearly unique and is used for guali-
tative analysis. Also, the retention time relative
to another selected compound is often used be-
cause this expression reduces variation usually
found in day to day operation. The response of
the chromatograph must be standardized at
optimum conditions and enough determinations
made so that the data may be treated by the
method of least squares. During analysis, the
standard curve must be checked by running at
, least two standards at different eoncentrations so
corrections can be made for day to day fluctua-
tions.
7.1 Qualitative analysis

Directly eomparing the retention times of a
sample component and a reference standard on
both DC-200 and QF-1 columns is the method
used for qualitative identifieation. Additionally,
specific detection is employed to further confirm
the presence of a particular component at levels
greater than 1.0 ug/l for water samples and 1.0
pg/kg for sediment. Relative retention time, the
ratio of the retention time of an unknown to
that of a selected standard, may be used to
determine which reference standard fo choose
for comparison. The pesticides selected for this
purpose are: Aldrin for the chlorinated hydro-
carbon insecticides, parathion for the phosphoro-
thicate insecticides, and the methyl ester of
2,4-D for the chlorinated phenoxy acid herbi-
cides. The following equation is used in qualitative
identification:

ETu

BERT (relative retention time) = BT
-

where

IETy=retention time of the unknown com-
pound, and

BTr=retention time of the reference com-
pound.

7.2 Quantilative analysis
Measurement of gas ehromatogram peak arcas

by use of a planimeter or by any method of equal
or greater accuraey is aceeptable, If a planimeter
is used, the average of at least two measurements
is taken as the peak area.

Interpretation of the chromatogram is very
important to the precision of area measurement.
Reliable interpretation comes with experience and
much can be gained by careful study of the elu-
tion patterns and peak shapes of individual mixed
standards. In peneral, peaks may appear in four
different ways, which are:; (1) A single peak, (2)
two or more discrete peaks not completely sepa-
rated, {3) a small peak or shoulder on the leading
or trailing edge of a relatively large peak, and
(4} two or more peaks perfectly overlapping one
another. The presentation of a single peak is
ideal and allows precise ares measurement. Peaks
not completely resolved are graphically separated
by drawing a line from the valley point between
two adjacent peaks down to the baseline. It is
wvery difficult to isolate o shoulder from the larger
peak in a reproducible manner. Also the retention
time is biased toward the larger component. In

“this situation a line is drawn to conform with the

shape of the major peak. Although the area under
the larger peak is usually quite reliable, that of
the shoulder is not. Other steps should be taken,
such as gas chromatography using a different
column or techniques of eglumn or thip-layer
chromatography, to isolate the shoulder com-
pound for gquantitative determination. The same
consideration wmust be given to overlapping
peaks. Components eluting at nearly the same
time to form a single peak are easily misinter-
preted. Correlation of retention times and peak
areas on both the DC-200 and QF-1 columns is
extremely important in this instance. To obtain
reliable qualitative and quantitative analysis,
other isolation techmigues may have to be em-
ployed whenever this occcurs (Federal Water
Pollution Control Administration, 1969).
7.2.1 Standard curve

Using log-log graph paper, plot area of re-
sponse, in square inches (in%), against nanograms
of pestieide injected. If six or more values fall in
the linear response region of the detector, the
equation of the line may be found by the method
of least squares, as follows:

Ny ry— Yoy
n 2 = (20

n =

(¢;
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and
PPN DD
.

where
r=injection amounts (ng),
y=aren response values (in?),
b=y intercept,
m =slope, and
n=number of points selected,

For the equation of the straight line,
y=maz+b,

the value for b, the y intercept, is an indication
of whether any experimental bias exists. It is
usually small enough to be insignificant so that
the equation of the standard curve may be ex-
pressed as:

y=mnr.

The two or more daily response check standards
are used to correct the slope of the standard
curve, as follows:

where

C = correction factor,
Ac=ares of echeek standard obtained from
the standard eurve, and
As=area obtained from chromatogram of the
check standard.

The slope of the standard curve is correeted by
multiplying it by the correetion factor.
7.2.2 Calculations for samples
The concentration of pesticides in water
samples may be determined using the following
equation:

Concentration of pesticide {(ng/1)

—4><i>< Ve.rix‘_l_
T om T Ving T Vs
where

A =area of component (in?),
Cm = corrected slope (in%*/ng),
Vert =volume of extract (ml),
Ving=volume injected (ml), apd
Ve=volume of water sample (liters).

This equation may be used to caleulate the con-
centration of pesticides in sediment or soil by

-

substituting the weight of sample in kilograms
for the sample -volume (T’s) with the resulting
concentration expressed as pg/ke.

8. Repori

Pesticides found in water samples are reported
as follows: At concentrations of less than 1.0
pg/l, two decimals and report less than 0.005
pe/l as 0.00 pg/l; at concentrations of 1.0 wg/l
and greater, two significant figures. Pesticides in
sediment and soil samples are reported as follows:
Less than 1.0 pg/kg to one decimal; 1.0 ppg/kg
and above, two significant figures. The identities
of pesticides found in concentrations greater than
0.01 pg/lin water or 0.1 pg/kg in sediment must
be confirmed by two-column gas chromatography.
For concentrations greater than 1.0 pg/l in water
and 10 pg/kg in sediment, specific detection must
be eraploved. Identities of compounds in concen-
trations greater than 10 pg/l in water and 100
pg/kg in sediment must be confirmed by mass
speciromotry.

9. Precision

Precision of the gas chromatographic technigue
is variable for multicomponent analysis. The re-
sponse of one component may be considerably
greater or less than that of another. Peaks of
compounds having longer retention times are af-
feeted more by instrumental noise,and drift.
Under ideal conditions repetitive analysis of a
single component may be determined to a pre-
cision of &3 pereent.
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Iinsecticides in water

Gas chromatographic method

1. Summory of method

The insecticides are extracted direetly from the
water sample with n-hexane. After drying and
removing the bulk of the solvent, the insecticides
are isolated from extraneous material by micro-
column adsorption chromatography. The insecti-
cides are then analyzed by gas chromatography.
This method is a modification and extension of
the procedures developed by Lamar, Goerlitz,
and Law (1963, 1966). For the analysis of in-
secticides in waters that are grossly polluted by
organic compounds other than pesticides, the
analyst is referred to the high-capacity eleanup
procedure detailed in Federal Water Poliution
Control Administration “Method for Chlorinated
Hydrocarbon Pesticides in Water and Waste-
water” (1969).

2. Application

This method is usable for the analysis of water
only. The insccticides and associated chemicals
(aldrin, p,p’,DDD, p,p-DDE, 0,p"-DDT, P,p'"-
DDT, dieldrin, endfin, heptachlor, heptachlor
epoxide, isodrin, lindane (BHC), and methoxy-
chlor) may be determined to 0.005 pg/l in 1-hiter
water samples. The insecticides earbophenothion,
chlordan, dioxathion, diazinon, cthion, malathion,
methyl parathion, Methyl Trithion, parathion,
toxaphene, and VC-13 may be determined when
present to higher levels (method for organophos-
phorus pesticides similar to that of Zweig and
Devine, 1969). Also, the chemicals chlordene,
hexachlorobicycloheptadiene, and hexachloroey-
¢lopentadiene, which are pesticide manufacturing
precursors, may be analyzed by this method.

3. Interferences

Any compound or compounds having chemical
and physical properties similar to the pesticide of
interest may cause interference. The procedure
ineorporates a column chromatographic tech-
nique which eliminates most extrancous material.
Special precautions are necessary to avoid con-
tamination during sampling and analysis.

4. Apparatus

See step 4, “Gas Chromatographic Analysis of
Pesticides.”

4.1 Concentrating apparcius: A Kuderna-
Danish concentrator, 250-ml ecapacity with n
1-ball Snvder column, is used for.the initial con-
centration step. Final concentration is performed
in the receiver using a 1-ball Snyder miero-
column. A calibrated 4.00-ml receiver tube is
uysed with the concentration apparatus.

4.2 Cleanup microcolumns: Disposable Pas-

. teur pipets, 14-em long and 5-mm ID, are used

for the chrematographic cleanup eolumns. The
pipets are washed in warm detergent solution,
thoroughly rinsed with dilute hydrochlorie acid
and organic-free distilled water, then heated to
300°C overnight to remove any fraces of organic
matter. A eolumn is prepared by plugging the
pipet with a small amouni of specially cleaned
glass wool, adding enough deactivated alumina
through a microfunnel to fill 3 em of the column,
followed by another 0.5 em of anhydrous sodium
sulfate.

4.3 Sandbath, fluidized, Tecam, or equiva~
lent.

4.4 Separatory funnels, Squibb form, 1- or
2-liter eapacity. No lubricant is used on the
stopeocks.

5. Reagents

5.1 Alumina, neutral aluminum oxide, e-
tivity grade I, Woelm. Weigh 19 g activated
alumina into a 50-ml glass-stoppered erlenmeyer
flask and quickly add 1.0 ml distilled water.
Stopper the flask and mix the contents thoroughly
by tumbling. Allow 2 hr before use. The de-
activated alumina may be used for 1 week.

5.2 Benzene, distilled in glass, pesticide-
analysis quality. :

5.3 n-Herane, distilled in glass, pesticide-
analysis quality.

5.4 Sodium swlfale, anhydrous, granular.
Prepare by heating at 300°C overnight and store
at 130°C.

5.5 Waler, distilled, obtained from a high-
purity tin-lined still. The feed water is passed
through an activated earbon filter. The distillate
is collected in a tin-silver-lined storage tank, and
the water is constantly irradiated with ultraviolet

5
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light during storage. A gravity delivery system is .

used, snd no plastie material other than teflon is
allowed to contact the distilled water.

6. Procedure

Samples should be collected according to the
recommended practice for the ecollection of
samples for organic analysis. A 1-iter bottle of
water should he collected for each sample. No
preservative is used. Samples should be shipped
promptly, Unless analyzed within a few days,
the water should be protected from light and re~
frigerated. If the sample contains sediment, then
the sediment must be analyzed separately. Re-
move the sediment by eentrifugation or filtration
through a metal membrane filter. See step 6.1,
“Chlorinated Hydrocarbon Inmsecticides in Sus-
pended Sediment and Bottom Material.”

All glassware, execept volumetrie flagks, should
be washed in the usual manner, rinsed in dilute

hydrochloric acid and distilled water, and heat .

treated at 300°C overnight. Instead of heat
treating, the volumetric ware may be solvent
rinsed or steamed to remove organic matter, A
reagent and glassware blank should acecompany
each analysis.

6.1 Water samples (800-900 ml) are ex-
tracted with n-hexane in sueh a manner that the
water and the container itself are exposed to the
solvent. Weigh the uneapped bottle of water on
a triple-beam balance and pour the sample into
a l-liter separatory funnel. Allow the bottle to
drain for a few minutes, weigh again, and record
the weight of water to three significant figures.

6.2 Add 25 ml n-hexane to the empty sample
bottle and gently swirl to wash the sides of the
container with the solvent. Pour the contents of
the sample bottle into the separatory funmnel
containing the water. Stopper and shake the
separatory funnel vigorously for 1 full min,
venting the pressure often. Allow the contents fo
separate for 10 min and draw off the agueous
layer into the original sample bottle. If the hexane
layer emulsifies, separate as much water as
possible, then shake the contents of the funmnel
very vigorously so that the liquids contact ‘the
entire inside surface of the vessel. (CAUTION:
Vent often!} Allow the layers to separate and add
approximately 5 m] distilled water to aid the
separation, if necessary. Remove the water and
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pour the extract from the top of the separatory
funnel into a 125-ml erlenmever flask containing
about 0.5 g anhydrous sodium sulfate,

6.3 Repeat a second and third extraction of
the water sample in the same manner using 25 ml
n-hexane each time, and collect the extracts in
the 125-ml erlenmeyer flask containing the drying
agent. Cover the flask containing the extract with
foil and set aside for 30 min.

6.4 Tilter the dried extract through glass
wool into the Kuderna-Danish apparatus. Add a
sand-sized boiling stone and remove most of the
hexane by heating on & fluidized sandbath at
100°C in a hood. When the ball in the Snyder
column just stops bouncing, remove the ap-
paratus from the heat and allow to cool. Add
another small boiling stone, fit the reeceiver with
» Snyder microcolumn and reduce the volume to
between 0.4 and 0.5 ml on the sandbath. Bet aside
to cool. When changing columns, sand must be
cleared from the glass joint before opening.

6.5 Quantitatively transfer the contents of
the Kuderna-Danish receiver (0.4-0.5 ml} to the
top of & deactivated alumina cleanup micro-
column, Use a disposable pipet to transfer. Not
more than 0.1-0.2 ml hexane should be needed for
washing. Using hexane, elute the extract from the
column to a volume of 8.5 ml in a calibrated
10.00-ml receiver. Add only enough hexane so
that the solvent level enters the column packing
just as the 8.5-ml elution level is reached. Change
receivers and continue the elution using 1:1
benzene-hexane solvent. Collect 8.5 ml of eluate
in & second receiver. The first fraction of eluate
should eontain all the chlorinated hydrocarbon
insecticides, and carbophenthion, Methyl Tri-
thion, and VC-13. The remaining phosphorus-
containing pesticides are eluted in the benzene-
hexane fraetion. Reduce the volume of each
eluate to 1.00 ml using 2 Kuderna-Danish micro-
apparatus-on the sandbath,

Norts.—The insecticides are separated chromat-
ographically in a predietable order on the miero-
column, and this may be used to augment gas
chromatographic analysis. Although alumina is

- the adsorbent of choice for the majority of water

and sediment samples, oceasionally & second pass
through a different column is needed for more

difficult samples, The analysf is referred to the

work of Law and Goerlitz {1970) for a more

H



32 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS !

Table 4.—Insecticides in water: recovery of compounds added to surface-water samples

Insecticide and amount added (xg/1)

Sample Aldrin Py 2P~ P,
No. DDD DDE DDT
O.0LG 0.08G q.040 0.081 ¢.018

Dieidrin

) Hepia- Methyl
Endrin  Hepta- chlor  Lindane Mala- para- Parg-
chlor  epoxide thion thion thion

0.040 ¢.018 0.021 0.02}1 6,181 0.082 0,076

82.0 2.5 B6.5 95.0 8.8 5.1 84.8 94.0 0.7 02,9 75.1 9.0
89.1 94.3 ¥7.0 104 98.0 88,7 94.9 131 106 94.6 896.0
.1 96.0 93.5 103 68.6 8a.¢ 5.2 8p.2 8.0 120 84.8 110
.1 95.5 8z,1 10k 104 Bl.¢ 86.3 g8.1 107 80.3 81.0 86.0
0 95.0 93,2 96.0 106 8t.1 08.8 103 97.5 105 87.8 107
-5 0.3 82.1 96.0 07,7 83.4 5.5 4.2 109 99.3 80.3 Bi1
2 105 85.6 89.0 14 86.6 95.7 9.1 103 107 81.5 103
.1 69.5 9.8 80,0 105 85.0 103 101 115 109 7.1 118
.7 894.0 499.0 102 103 83.3 100 98.3 101 115 91.7 a7.9
-0 94.0 98.3 98.0 103 83.3 3.7 98.5 111 103 $9.0 101
.9 93,5 895.6 97.8 99,4 90.0 93.3 92,1 9.8 97.8 96.6 85.7
& 3.0 83,2 2.6 8.5 83.3 .0 8.7 .5 101 B3.4 87.8
9 57.6 87.4 93.6 4.3 89.9 8.2 95.4 94.4 106 BG.8 124
.3 89.4 90.7 93.1 105 88,2 97.8 100 98.5 89.0 5.1 86.7
8 86.6 42,8 93,1 104 83,0 85.1 03.4 108 #9.6 86.8 BG.4
ot 85.0 82,1 88.6 102 90.6 98.1 97.4 102 105 93.7 89.4
-4 4.1 83.5 82.6 104 092.4 99.8 10} 101 100 02,1 80.6
.2 98.5 107 104 110 82.5 88.5 0.6 117 107 121 110
92.1 92,8 93.4 8.7 102 B7,2 86.5 96.7 103 103 g1 8.3
Variance. .. 49.3 27.9 24.9 171 12.9 23,0 -21.5 12,5 51,1 83.4 96.5 135.7
Std.dev, e 7.02 5,28 4.498 4,14 3.50 4.80 4.64 3.54 7.15 7.96 6.82 11.8
Mean error. - cene —7.8 —7.2 —4.6 -3.3 +2.0 -13 —4.5 ~3.3 3.0 +3.0 ~9.0 —1.7
Total error}_ . _.a_ .- 23 18 13 12 4.2 22 14 10 17 19 29 25

! MecFarren, I3, F., Liska, R. J., and Parker, J. H., 1970, Criterion for judging the accoptability of analytical inethods: Anal, Chemistry, v. 42,

p. 355-358,

comprehensive treatment of the ecleanup pro-
cedure.

6.6 Analyze -the eluates by gas chromatog-
raphy under conditions opéimized for the par-
ticular gas chromatographic system being used.
Run the first analysis on the electron-capture gas
chromatograph using the DC-200 column. For
components in concentrations ranging from 0.01
pe/l to 1.0 pg/l, a second analysis by electron
capture on the QF-1 column is required. Pesti-
cides in concentrations greater than 1.0 pg/l
must be analyzed by mierocoulometric or flame-
photometric gas chromatography on both the
DC-200 and the QF-1 colurnns.

7. Calculations

See step 7, “Gas Chromatographie Analysis.”
8. Report

The pesticide concentrations in water samples
arc reported as follows: Less than 1.0 ug/l, two
decimals and report less than 0.005 ug/1 as 0.00
pg/l; 1.0 pg/l and above, to two significant
figures. If more than one column or gas chromato-
graphic system is used, report the lowest value.

9. Precision

The results may vary as.much as &=15 percent
for compounds in the 0.01- to 0.10-ug/1 concen-
tration range. Recovery and precision data are
given in table 4.
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Chlorinated hydrocarbon insecticides

in suspended sediment and
bottom material

Gas chromatographic method

1. Summary of method

The insecticides are extracted from the sedi-
ment or soil using acetone and n-hexane, The
solid is dispersed frst in acetone, and then
hexane is added to recover the acetone together
with the desorbed insecticides. The extract is
washed with distilled water and dried over

_sodium sulfate. A preliminary gas chromato-

graphic analysis is performed beiore eoncentration
and cleanup. Following this, the volume is re-
duced and extraneous material is removed by
microcolumn adsorption chromategraphy. The
insecticides are determined by ges chromatog-
raphy.

2. Application

Sediment and bed material may be analyzed
by this method. Water samples containing sus-
pended sedirnent may also be analyzed by this
technique. The insecticides aldrin, p,p’.DDD,
»,7-DDE, ¢,p-DDT, p,p-DDT, dieldrin, en-
drin, heptachlor, heptachlor epoxide, isodrin,
lindane, and methoxyehlor, may be determined
down to 0.20 pg/kg for a 50.0-g sample, on 2
dry-weight basis. The pesticide chemicals chlor-
dan, ehlordene, hexachlorobicycloheptadiene, hex-
achloroeyclopentadiene, and toxaphene may also
be determined by this method.

3. Interferences

As in the analysis of water for pesticides,
chlorinated hydrocarbon compounds similar to
pesticide chemieals give the most interference.
Organic coextractives, occurring naturally in
sediments and soils, are usually adequately re-
moved from extracts by the cleanup miecro-
column. Sulfur compounds present in some
bottom muds often hinder electron-capture chro-
matography but do not appear to interfere with
microcoulometric gas ehromatography.

4, Apporetos

See step 4, 'Gas Chromatographic Analysis of
Pesticides.”

4.1 Centrifuge: A medium-speed centrifuge
with a head eapable of accepting large-volume
glass centrifuge bottles and tubes is adequate.

4.2 Concentrating apparatus: A Xuderna-
Danish concentrator, 500-ml capacity with a
1-ball Snvder column, :

4.3 Erlenmeyer flosks, 250-ml.and 500-ml,
having ground-glass stoppers, and having spring
clips for securing the stoppers.

44 Microfiltration apparatus: Use only silver
metal filters having (.45 ym maximum pore size,
obtainable from Selas Flotronics. Filters should
be rinsed with acetone and heated to 300°C over-
night to reduce interfering substances.

4.5 Shaker table, or combination shaker table
and wrist-action shaker having a 12-container
capacity,

5. Reogents

5.1 Acetone, distilled in glass, pesticide-
analysis quality.

5.2 n-herane, distilled in glass, pesticide-
analysis quality.

5.3 Sodium suljate, anhydrous, granular.

Prepare by heating at 300°C overnight and store
at 130°C. _
) 5.4 Waler, distilled water obtained from a
high-purity tin-lined still. The feed water is
passed throngh an activated carbon filter. The
distillate is collected in a tin-silver-lined storage
tank, and the water is constantly irradiated with
ultraviolet light during storage. A gravity system
is used, and no plastic material other than tefion
iz allowed to contact the distilled water,

6. Procedure

Samples ghould bhe ecollected aecording to the
recommended practice for suspended sediment
and bed materials. Special care should be taken
to avoid contaminating the sample with oil from
the sampling deviee. Rubber gaskets should be
replaced with teflon. Two suspended-sediment
samples should be. taken, one for insecticide
analysis and the other for determining the sedi-
ment concentration and particle-size distribution.
A 1.liter suspended sediment sample is needed for
the insecticide determination.

At least 150 g of material should he collected
for each sample when only solids are to be ana-
lyzed. All samples must be kept in watertight
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glass containers to prevent water loss and con-
tamination. No preservative is added. Unless
analyzed within a few days of collection, the
sumples should be refrigerated and protected
from light.

6.1 Procedure for waler samples having suspended
sedimeni. A reagent blank must accompany the
analysis.

6.1.1 Allow the water-sediment sample to re-
main undisturbed until the sediment has settled.
Weigh the uneapped bottles on o balance to three
significant figures and carefully decant the water
into a separatory funnel of appropriate size. (Sepa-
rate by centrifugation as in 6.2.2 below and (or)
filtration ihrough metal membrahe filters if
NECOSSATY.)

6.1.2 Measure 10 ml acetone or a volume
approximately half the equivalent volume of
solid, whichever is greater, into the sample bottle
contzining the sediment. Replace the cap and
gently mix the contents of the bottle on a shaker
table for 20 min. Add 25 ml n-hexane and mix the
contents for an additional 10 min. Decant the
extract into the separatory funnel containing the
water from the sample. Repeat the extraction of
the sediment in the same manner two more times,
using fresh acctone and hexane each time.

Nore.—Additional hexane may be needed to
recover the acctone extract from the sediment.
Also, the extract may have to be filtered through
a’ plug of glass wool. Anhydrous sodium sulfate
may he added to aid in separating the solvent
from the sediment. Add the sodium sulfate slowly
and mix to the desired consistency. A quantity
of sodium sulfate equal to the amount of sediment
may be added if neeessary.

6.1.3 Shake the combined extracts with the
water from the sample for 1 min. Rinse the sedi-
ment from the sample bottle with distilled water
and colleet the water from the sample in the
sample bottle. The sediment may be discarded.
Decant the extract from the top of the separatory
funnel into o 250-ml erlenmeyer flagk,

6.1,4 Extract the water from the sample
with an additionul 25 m] hexane and discard the
water, Weigh the sumple bottle to determine the
weight of the sample.

6.1.5 Combine the extracts in the separntory
funnel and wash two times with 500 ml distilled
water each time. Collect the extract in the 250-ml
erlenmeyer flask containing approximately 0.5 g

N80y, and continue the analysis as in the pro-
cedure, beginning step 6.4, “Insccticides in
Water.”

6.2 Analysis of sediment, sotl, and bed-malerial
samples. A reagent blank must accompany the
snalysis,

6.2.1 Desiccated samples, such as bed mate-
rial from dry streams, should be moistened with
distilled water (to about 15 percent by weight).
Samples to whieh water is added are first pul-
verized, then mixed with the water, and then
kept in an airtight glass container. A minimum of
2 hr should be allowed for equilibration. Start
the analysis of homogeneous samples at step
6.2.3, below., '

6.2.2 Excessive water in sediment and bot-
tom-mud samples must be separated from the
salids in order to obtain a homogeneous fraction
of the sample. A proportionate amount of this
water is used later so that any suspended material
is included in the analysis. This technique may
also be used whenever water and solids are to be
analyzed separately. Weigh the container and
contents and transier the sample to centrifuge
bottles. Spin the solids at a relative centrifuge
force of 500-~1,000 times gravity., Tfse the super-
natant water to complete the transfer and repeat
the centrifugation as neecessary. Decant the
separated water into the empty tared sample
container. (See step 6.2.5.) Caleulate the weight
of the solid by differcnee.

6.2.3 Thoroughly mix the moist solid until
homogeneous and then weigh 50.0 g into a 250-ml
erlenmeyer flask having a ground-glass stopper.
Also at this time, weigh an additional 10.00 g of
the solid into a tared 50-ml heaker to be heated
at 130°C overnight for moisture determination.

6.2.4 Measure 40 ml acetone into the erlen-
meyer flask containing the sample and clamp the
stopper in place. (If the sediment is sandy, use
20 ml scetone .instead.) Mix the eontents of the
flask for 20 min using & wrist-action shaker. Add
80 m! hexane and shake again for 10 min. Decant
the extruct into a separatory funnel containing
500 ml distilled water. Add 20 ml acctone to the

erlenmeyer flask and shake 20 min, Again add 80

ml hexane, shake 10 min, and deeant the extract
into the separatory funnel. Repeat asin the seeond
extraction one more time.

Note~If the sediment is not wet enough to
agglomerate when the hexane is added, ndd water,
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" by drops, while swirling the flask and observe if

this helps. Very sandy material may remain dis-
persed. Extremely wet, mueky sediments may be
better handled by the addition of anhydrous
sodium sulfate. Add sodium sulfate, in small
guantities, until the desired consistency is at-
tained or until the amount added approximates
the weight of the sediment. The extract volume
recovered should be measured at each extraction
to insure that 75 percent or more is regained. If
not, additional extractions are necessary to ob-
tain quantitative removal of the insecticides.

6.2.5 If any water was separated in step
6.2.2 above, mix thoroughly and weigh out an
aliquot equivalent to the fraction of solid taken
for analysis. Transfer the aliquot of water into
the separatory funnel containing the sample ex-
tract and distilled water.

6.2.6 Gently mix the contents of the separa-
tory funnel] for about 1 miin and allow the layers
to separate. Collect the water in a clean beaker
and deeant the extract into a 500-ml erlenmeyer
flask. Back-extract the water wash with 25 ml
hexape. Combine the solvent layers and wash
with fresh 500-ml quantities of distilled water
two more times. Discard the water layers and
collect the washed extract in the 500-mi erlen-
meyer flask to which has been added about 0.5 g
anhydrous sodium sulfate.

NoTte.—A preliminary gas chromatographic
analysis at this point is helpful for determining
the volume reduction necessary.

Proceed with the analysis beginning at step
6.4, “Insecticides in Water.”

7. Celculations

See step 7, “Gas Chromatographic Analysis of

Pesticides.”

8, Report

The pesticide concentrations in water-sediment
mixtures should be reported as in step 8, “In-
secticides in Water,” and the sediment econcen-
tration shouid accompany the report. The
eoncenfration of pesticides in sediment, soil, and
bed material is reported on a dry-weight basis as
follows: Less than 1.0 ug/kg to one decimal; 1.0
pg/kg and greater to two significant figures. Be-
cause negative bias exists in the extraction pro-
eedure, insecticides found in sediments and solids
are considered minimum amounts.

9. Precision

The recovery of pesticides from sediments and
goils is mainly dependent on two factors: (1) the
ability of the solvent to remove the pesticide
from the solid, and (2) the amount of solvent re-
claimed at each extraction step. Comparative
studies of single and exhaustive extractions of
soil samples faken from contaminated fields
showed that the extraction technique deseribed
removed 90-95 percent of the chlorinated pesti-
cides. Dehydrated eclay soils, however, proved
slow to wield the pesticides unless they were
premoistened. Apparently, the collapsed layers
of eertain dehydrated clays and the resulting
agglomerates entrap the pesticides, and the
addition of water prior to analysis helps to open
the layers and separate the aggregation. It is
imperative that sufficient solvent be reclaimed
at each extraction to avoid low results. Removal
of 90-95 percent of the desorbed pesticides may
be expected if at least 75 percent of the solvent is
recovered at each extraction step.

Chlorinated phenoxy acid herbicides
in water

Gas chromatographic methed

1. Summary of method

Chlorinated phencxy acids.and their esters are
extracted from -the .acidified water sample with
ethyl ether. The extracts are hydrolyzed, and
extraneous materials are removed with a solvent
wash. The acids are converted to their methyl
esters and are further cleaned up on an adsorp-
tion microcolumn. The esters are determined by
gas chromatography. This method is'a modifica-

tion and extension of the procedure developed by

Goerlitz and Lamar (1967).

2. Application

The method is usable for.the analysis of esters
and salts of 2,4-D (2,4-dichlorophenoxyacetic
acid), silvex [2-{2,4,5-trichlorophenoxy) propi-
onic acid], 2,4,5-T (2,4,5-trichlorophenoxy-
acetic acid), and similar herbicides found in
water, Concentrations as low as 0.02 pg/l of
2,4-D and 0.005 pg/l of silvex and 2,4,5-T in
1 liter of water may be determined.
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3. Interferences

Halogenated organie acids and their salts and
esters cause interference when BFy-methanol
esterification is used, and both the acids and
halogenated phenols interfere when diazomethane
is used for esterification.

4. Apparatus

See step 4, “Gas Chromatographic Analysis of
Pesticides.”

4.1 Concenirating apparaius. A Kuderna-
Danish coneentrator, 250-ml capacity, with a
1-ball Snyder column is used for the initial eon-
centration step. Final concentration is performed
in the receiver using a 1-ball Snyder micro-
. column. A 4.00-ml graduated receiver tube is
used for the diazomethane esterification, and a
5.00-ml volumetrie flask receiver is utilized for
the boron triflucride~-methanol esterification.

4.2 Erlenmeyer flusks, 250 ml-and 500 mil,
having ground-glass stoppers.

4.3 Puosteur pipets, disposable, 14-cm long
and 5-mm inside diameter.

4.4 Sendbath, fluidized, Teeam, or equiva-
lent.

4.5 Separatory funnels, Squibb form, some of
1-, or 2-liter capacity and others of 60-ml ca-
pacity. No lubricant is used on the stopeocks.

5. Reagents -

All reagents must be checked for purity as re-
agent blanks using the gas chromatographic
procedure. Effort is saved by selecting high-
quality reagents that do not require further
preparation. However, some purification of re-
agents may be necessary as outlined below.

5.1 Boron trifluoride-methanol, esterification
reagent: Dissolve 14.0 g BF; gas in 86.0 g .an-
hydrous methanol.

5.2 Benzene, distilled in glass, pesticide-
residue quality, sueh as Nanograde, or equivalent.

5.8 2-(2-Ethoryethoxy) ethanol, high purity,
Np¥°C 1.4068.

5.4 Ethyl elher, reagent grade, redistilled
from an all-glass packed-column still, after re-
fluxing over granulated sodium-lead alloy for
8 hr. Purity is checked by gas chromatography
after a part is evaporated to one-tenth the

original volume. The purified ether should be |

distilied as needed and should never be stored for
more than 1 month. Explosive peroxides readily

form in redistilled ether, making it hazardous for
storage and subsequent use.

5.5 Florisil adsorbent, Florisil, PR grade,
commercially aetivated at 650°C and stored at
130°C in a glass-stoppered bottle,

5.6 Herbicides, chlorinated phenoxy acids,
reference grade: 2,4-D mp {(melting point) 138°-
139°C; silvex, mp 181°-182°C; and 2,4,5-T, mp
154°-155°C. The methyl esters of the herbicides
may be obtained from ecommercial sources. The
methyl esters may also be prepared by reacting
0.5-1.0 g herbicide acid with 50 m] BF;-methanol
reagent at reflux for 1 hr. The methyl ester is ex-
tracted in ether, washed with 5-percent Na,CO;
solution, and finally washed with distilied water.
The ether extract is dried over anhydrous
Na,COy, and the ester is isolated by removing

-the ether under vacuum.

5.7 Methanol, reagent grade, redistilled from
an all-glass packed-column still after reacting
with 5 g of magnesium lathe turnings per liter of
solvent. '

5.8 N-methyl-N-nitroso-p-toluenesulfonamide,
mp 60°-62°C.

5.9 Potasstum hydroride reagent, 74 solu- |

tion: Prepare by dissolving 78 g KOH reagent-
grade pellets in 200 ml carbon-dioxide-free
distilled water. Reflux for 8 hr to reduce inter-
fering substances. A calcium chioride tube filled
with Ascarite is used at the top of the reflux
condenser to exclude earbon dioxide. ‘

5.10 Silicic acid, chromatographic grade,
100/200 mesh, heated at 300°C overnight and
stored at 130°C in a glass-stoppered bottle.

5.11 Sodiwm sulfate, reagent grade, an-
hydrous, granular; heat-treated at 300°C for 24
hr, The heat-treated material is divided, and one
part is labeled “neutral sodium  sulfate” and
stored at 130°C in a glass-stoppered bottle. The
other part is slurried with enough ether to cover
the crystals and acidified to pH 4 by adding a
few drops of purified sulfuric acid, (To determine
the pH, & small quantity of the slurry is removed,
the ether evaporated, water added to cover the
crystals, and the pH is measured on a pH meter.)
The ether is removed by vacuum, and the treated
materinl.is labeled “acidified sodium sulfate’” and
stored at 130°C in a glass-stoppered bottle.

5.12 Sodium sulfafe solution, 0.353{: Prepare
by dissolving 50 g neutral sodium sulfate in 1.0
liter distilled water.
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5.18 Sulfuric acid, reagent grade (sp gr 1.84},
purified by distilling off water until a constant
boiling solution remains. The acid is refluxed for
about 4 hr.

6. Procedure

Water samples for herbicide analysis should be
collected according to the proeedure described for
the collection of organmic water samples. The
samples may be preserved with sulfuric aeid at
the collection site only if the acid is supplied with
the sampling package. Regardless of whether
preserved or not, the samples must be iced or
refrigerated in the dark within 4 to 5 hr of collec-
tion. Samples must reach the laboratory within
24 hr of eollection if not acidified. A 1-liter sample
should be collected for each analysis,

6.1 Immediately upon receipt in the labora~
tory, the samples are acidified to pH 2 or lower
with the specially prepared sulfurie acid. If more
than 24 hr is required for shipment, then the
samples must be acidified at the collection site.

For this purpose, 5 ml of 1:1 diluted sulfurie acid,

sealed in a prescored glass ampoule must accom-
pany each empty sample container. Detailed
instructions for proper addition should also be
included. After adding the acid the bottles
should be loosely capped for & min or so before
closing tightly. Refrigerate the sample until
analysis.

6.2 Weigh the opened bottle econtaining the
sample. Pour the sample into a 1- or 2-liter
separatory funnel, Allow the boftle to drain for
a few minutes and then weigh. Record the
sample weight to three significant figures. Add
150 ml ethyl ether to the sample bottle, rinse the
sides thoroughly, and pour the solvent into the
funnel. Shake the mixture vigorously for 1 min.
Allow the contents to separate for at least 10 min,
Occasionally, emulsions prevent adequate separa-
tion. In this event, draw off the clear agueous
layer, invert the separatory funnel and shake,
(CAUTION: Vent the funnel frequently to pre-
vent forming excessive pressure.) Addition of
small volumes of distilled water often aids re-
moval of sediment from the ether layer. Small
smounts of water included in the extract do not
interfere with the analysis. Collect the extract in
a 250-ml ground-glass erlenmeyer flagk containing
2 ml 74{ potassium hydroxide solution. Extract

the sample two more times, using 50 ml ether
each time, and then combine the extracts in the
250-ml erlenmeyer flask.

6.3 Add 15 ml distilled water and 2 boiling
chip to the extract and fit the flask with a 1-ball
Snyder column. Remove the ether on a steam
bath in a hood and continue heating for a total
of 90 min.

6.4 Allow to cool and trunsfer the water to a
60-m] separatory funnel. Extract the basic solu-
tion onee with 20 mi and two more times each
with 10 ml of ether and diseard the ether layers.
The herbicides remain in the agqueous phase. Add
2 ml cold (¢°C} dilute sulfuric acid (1 part con-
centrated H,80; (sp gr 1.84) diluted to 4 parts
with distilled water) to the contents of the funnel
to bring the pH to 2 or helow, and extract the
herbicides once with 20 ml and two times each
with 10 ml of ether. Collect the cxtracts in a
125-ml erlenmeyer flask containing about 0.6 g
acidified anhydrous sodium sulfate. Cover the
flask with foil and allow the cxtract to remain in
contact with the sodium sulfate, preferably in an
explosion-praof refrigerator, for ab'least 2 hr.
{Refer to sieps 6.6 and 6.7, below, hefore con-
tinuing.)

6.5 Transfer the other solution into the
Kuderna-Danish apparatus through glass wool in
a funnel. Use liberal washings of ether and break
up the hardened sodium sulfate to obtain guanti-
tative transfer. Coneentrate the cxtract to about
0.5 ml on the fluidized sandbath heated to 60°-
70°C. Under no circumstances allow the extract
to evaporate completely to dryness. Clear sand
from the glass joints before opening.

6.6 Esterification with digzomethone. A 4.00-ml
graduated receiver tube is nused with the Kuderna-
Danish apparatus when the sample is to be
esterified with diazomethune. Add a volume of
anhydrous methanol equal to 0.1 of the volume
of the concentrated extract. Connect two 20- by
150-mm test tubes in series with glass tubing
through neoprene stoppers so that incoming
nitrogen bubbles through the liquid in the tubes.
At the outlet, position a picec of glass tubing
having a right-angle bend and a drawn-out tip °
s0 that the gas can bhe bubbled through the
sample, Add about 5 ml ether to the first test
tube. To the second test tube, add 0.7 m] ethet,
0.7 ml 2-(2-ethoxyethoxy) ethanol, 1.0 mi 7M
potassium hydroxide solution, and 0.1-0.2 g
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N-methyvl-N-nitroso-p-toluenesulfonamide. Imme-
diately position the second test tube and adjust
the nitrogen flow through the apparatus to about
10 m] per minute. (CAUTION: Diazomethane is
a toxic and explosive gas. The use of a good fume
hood is absolutely necessary.) Place the Kuderna-
Danish receiver so that the gas bubbles through
the sample. Allow the reaction to proceed for
about 10 min, or less if the vellow eolor of diazo-
methane ean bhe observed to persist in the sample
tube. Remove the tube containing the sample,
stopper, and allow to stand in the hood for about
30 min. Carefully discard all waste from the reac-
tion. Add about 0.1-0.2 g silicie acid to the sample
solution to destroy excess diazomethanc. After
evolution of nitrogen has subsided, pass the solu-
tion through a disposable pipet plugged with
glass wool and packed with 1.5 em neutral
anhydrous sodium sulfate over 1.5 em Florisil
adsorbent. The eluate is collected in a graduated
receiver tube. The fransfer is completed by
washing the receiver tube several times with small
quantities of ether to a final volume of 2.00 ml.
The tube is stoppered and the contents thoroughly
mixed and analyzed by gas chromatography.

6.7 Esterification with boron friflucride~meth-
anol. A 5.00-ml volumetric receiver flask is used
with the Kuderna-Danish apparatus when the
sample is to be esterified with boron trifivoride—
methanol reagent. Prior to the initial conecentra-
tion step described previously (see step 6.5,
above), 0.5 m] benzene is added to the extract in
the Kuderna-Danish apparatus. The extract is
concentrated to less than 1 ml, and the walls of
the flask are washed down with a small amount
of ether. Band adhering to the joint is clearoed off
with an air gun or brush, and the receiver is
fitted with a 1-ball Snyder mierocolumn. The
liquid volume is further reduced to 0.5 ml in the
sandbath. After the benzene solution in the re-
ceiver has ecooled, 0.5 ml boron trifivoride-
methanol reagent is added. The Snyder column
is used as an air-cooled condenser, and the con-
tents of the receiver are held at 50°C for 30 min
in a sandbath. The reaction mixture is allowed
to cool to room temperature. About 4.5 ml of the
sodium sulfate solution is added to the reaction
mixture so that the benzene-water interface is
observed in the constricted neck of the receiver
fiask. The fiask is stoppered with a glass plug and
vigorously shaken for about 1 min. Allow to stand

for about 3 min for phase separation. Twirling
the flask between the palms of the hands from
time to time aids separation. The benzene layer
is pipetted from the receiver and passed through
a small cleanup column prepared by plugging a
disposable pipet with glass wool and packing with
2.0 em neutral anhydrous sodium sulfate over 1.5
cm Florisil adsorbent. The eluate is collected in a
graduated receiver. The transfer is completed by
repeating the extraction step with small quanti-
ties of benzene until a final volume of 2.00 ml is
attained. Add a few crystals of neutral anhydrous
sodium sulfate to the benzene solution and
thoroughly mix for gas chromatographic analysis.

6.8 Analyze the extract by gas chromatog-
raphy under conditions optimized for the par-
ticular gas chromatographic system being used.
Run the first analysis on the electron-capture
chromatograph using the DC-200 column. For
components in concentrations ranging from 0.01
ug/l to 1.0 pg/l, a second analysis by electron
capture on the QF-1 column is required. Pesticides
in coneentrations greater than 1.0 pg/l must be
analyzed using microcoulometric detection on
both the DC~200 and QF-1 eolumns.

7. Calevlations

See step 7, “Gas Chromatographic Analysis of
Pesticides.”

Each gas chromatographic system must be
calibrated with standards. Methyl ester stand-
ards of the herbicides must be converted to the
acid equivalent. During analysis, at least two
standards should be run so that the standard
curve can be corrected for day-to-day instru-
mental fluctuation.

8. Report

The pesticide concentrations are reported as
follows: Less than 1.0 ug/l, two decimals, and
report less than 0.005 pg/l as 0.00 pg/l; 1.0 ug/l
and above, two significant figures. If more than
one column or gas chromatographic system is
used, report the lowest value found.

@. Precision

The results vary 20 percent for 2,4-D at the
0.10-ug/1 level and =410 percent at 1.0-ug/l
concentration.
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Reference

(. 7

analysis quality, such as Nanograde, or equiva-

&

Goerlitz, D, F., and Lamar, W. L., 1967, Determination
of phepoxy acid herbicides in water by electron-
capture and microcoulometric gas chromatagraphy:
V.8, Geol. Burvey Water-Supply Paper 1817-C, 21 p.

Chlorinated phenoxy acid herbicides
in sediment (tentative)

Gas chromatographic method

1. Summary of method

Chlorinsted phenoxy acids und their salts and
esters are extracted from an acidified slurry of
sediment and water with acetone and ether. The
extract is hydrolyzed, and extraneous materials
are removed with a solvent wash. The acids are
converted to their methyl esters and are further
cleaned up on an adsorption microcolumn, The
esters are determined by gas chromatography.

2. Appiication

This method may be used for the analysis of
esters and salts of 2,4-D (2,4-dichlorophenoxy-
acetic acid), silvex [2-(2,4,5-trichlorophenoxy)
propionie acid], and 2,4,5-T (2,4,5-trichloro-
phenoxyacetic acid), and similar herbicides found
in sediments.

3. Interferences

Halogenated organic acids having properties
similar to the herbicides esuse interference when
BF:-methanol esterifieation is used, and both the
extraneous acids and halogenated phenols inter-
fere when diazomethane is used for esterification.

4. Apparatus

See steps 4, “Gas Chromatographic Anslysis of
Pesticides” and ‘‘Chlorinated Phenoxy Acid
Herbicides in Water.”

4.1 Shaker table, or combination shaker table
and wrist-action shaker having a 12-container
capacity.

5. Reagents

See step 5, “Chlorinated Phenoxy Acid Herbi-
cides in Water.”

8.1 Acefone, distilled in glass, pesticide-

lent.

5.2 Hydrochloric acid, concentrated (sp gr
1.18), ACS reagent grade.

5.3 Sodium sulfate solution, 0.353/ : Prepare
by dissolving 50 g neutral sodium sulfate in 1.0
‘liter distilled water.

6. Procedure

Samples should be eolleeted according to the
recommended praetice for suspended sediment. or
bed materials. The samples must be iced or re-
frigerated. The analysis should begin as spon as
possible because the herbicides, particularly
2,4-D, may decompose significantly in a few
hours. Samples should be kept in tightly closed
glass containers to prevent water loss and con-
tamination. A reagent blank must accompany the
analysis, ! .

6.1 Excess water is separated from the sedi-
ment as described in steps 6.1 and 6.2, “Chlo-
rinated Hydrocarbon Insecticides in Suspended
Sediment and Bottom Material.” The water from
suspended sediment samples is analyzed as in the
procedure, ‘‘Chlorinated Phenoxy Acid Herbi-
cides in ‘Water,” using proportionally less ether
for smaller amounts of water. Water separated
from bed material is included in step 6.5, below.

6.2 Thoroughly mix the moist solid until
homogeneous and weigh 50.0 g into a 250-ml
erlenmeyer flask having a ground-glass stopper.
Also at this time, weigh an additional 10.00 g of
sample into a tared 50-ml beaker to be heated at
130°C overnight for moisture determination.

6.3 While stirring, slowly add water to the
sample in the erlenmeyer flask until the mixture
has the consisteney of paste, or until water begins
to separate. Acidify the slurry to pH 2 or below
by the addition, by drops, of concentrated hydro-
ehloric acid. Allow to stand with oceasional
stirring for 15 min, and insure that the pH re-
mains below 2. Add more acid if necessary and
until stabilized.

6.4 Measure 40 ml acetone into the erlen-
meyer flask containing the acidified sample and
clamp the stopper in place. Mix the contents of
the flask for 20 min using the wrist-action shaker.
Add 80 ml ether and shake again for 10 min, De-
cant the extraet into an.appropriate-sized separa-
tory funnel containing 250 ml 0.35M sodium
sulfate.
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Note.—If the sediment does not settle to allow
decanting the solvent, add anhydrous sodium
sulfate in small amounts until the mixture
separates. A quantity of sodium sulfate equal to
the amount of sample may be added if necessary.
To ensure adequate recovery, measure the
volume of extract at each decanting step.

Add 20 m] acetone to the erlenmeyer flask and
ghake 20 min. Again, add 80 ml ether, shake 10

min, and decant the extract into the separatory

funnel. Repeat the process as in the second ex-
traction one more time, and collect the acetone-
ether extraet in the separatory funnel containing
the 0.35M sodium sulfate solution,

6.5 If any water was separated in step 6.1
above, mix thoroughly and weigh out an aliguot
equivalent to the fraction of solid taken for
anglysis. Transfer the aliquot of water to the
separatory funnel eonfaining the sample exfract
and the sodium sulfate solution.

6.6 Gently mix the contents of the separa-
tory funnel for about 1 min and allow the layers
to separate. Collect the agueous layer in.a clean
beaker and colleet the extract in a 500-ml ground-
glass. erlenmeyer flask, Back-extract the water
wash with 25 ml ether. Separate the agqueous
layer and discard. Pour the ether layer into the
erlenmeyer flask containing the sample extraet.

6.7 Add 5 ml 7M aqueous potassium hy-

droxide and 15 ml] distilled water to the extract
in the 500-ml erlenmeyer flask. Add a boiling
chip and fit the flask with a 1-ball Snyder column.
Evaporate the ether on a steam bath in a hood
and continue the heating for a total of 90 min.
Continue the analysis, beginning at -step 6.4,
“Chlorinated Phenoxy Acid Herbicides in Wagter.”

7. Calevlations

Bee step 7, “Gas Chromatographic Analysis of
Pasticides,” ,

JKach gas chromatographic system must be
calibrated with standards. Methyl ester standards
of the herbicides must be converted to the acid
equivalent. During analysis, at least two stand-
ards should be run so that the detector response
curve can be corrected for day-to-day instru-

mental fluctnation,

8.- Report

Pesticide’ concentrations in sediment are re-
ported as follows: Less than 1.0 pg/kg, two
decimals; 1.0 ug/kg and above, to two significant
figures. If more then one column -or the gas
chromatographic system is ‘used, report the
lowest value found.

9. Precision

No precision data are available at this time,

7 U5, GOVERNMENT PRIMTING OFHCE; 1972 O-—4423-7 51

— er———

(s




17. U. S. Geological Survey
nMethods for Determination of
Inorganic Substances in Water
and Fluvial Sediments, "
Techniques of Water-Resources
Investigations of the U.S.
Geological Survey, Book 5,
Chapter Al, July 5, 1979

Index to Rulemaking File Underground Storage Tank Requlatioms Title 23, Waters
Division 3, Water Resources Control Board Chapter 16, Underground Storage Tank

Regulations 1985



Ly

15, %

5]

iques-of:Water-Resources. Investi
v e ~ iy R et

. KIS

R S i Syt g ! R
the States:GeologicakSurvey:

s
"l .

2P e X S
’ e

3 &
Ko

s
e

AR

ETERMINAT

w
 imiia e T PR

K

2]
J £
~ -

» "

GANIC SUBSTA

IN WATER

UVIAL SEDIMEN

L R SR : o
1 : SRt % S 5 o les A eE )
‘—-1.‘?15_:4 £ . LR ?33‘ e A 13 YR T iy ‘..amgﬁgﬁﬁ{iwm{a

ZST el = ¥




e

vankr

LAy eyl 7 L

T

e S -

— At ——

METHODS FOR DETERMINATION OF INORGANIC SUBSTANCES IN WATER AND
FLUVIAL SEDIMENTS -

By Marvin W. Skougstad, Marvin J. Fishman, Linda C. Friedmaa, David E. Erdmans, and.Suandra S.
Duncan, editors - :

Abstract-

Chapter Al of the laboratery manusl contains methods
used by the Geological Survey to analyze samples of water,
suspended sediments, and bottom material for their content
of inorganic constituents. Incladed are methods for-deter-

mining disselved, total recor-erabie, and total.concentrations. .

of constituents.in water-sus +ended sediment. samples, and
recoverable and total constituents in samples-of bottom ma.
teria), Essential definitions are included in the introduction
to the manual,.along with a brief diseussion-of the use.of sig-
nificant figures in caleulating: and reporting analytieal re-

sults. Quality contrel in the water-analysis Jaboratery is dis- .

cussed, including accuracy and precision of analyses, the use-
of standard reference water samples, and the operation ofan
effective quality assurance program. Methods for sample
preparation and pretreatment are given also. . :
The analytical methods are arranged aceording to the an-
alytical technique employed for the determination: atomic
absorption ‘spectrometric, calenlation, eolorimetric, electro-
metric, gravimetrie, and titrimetric methods. More than 200
methods. are given for the determination of 69 different in-
organic. eonstituents and physical -properties. of water, sus-
pended sediment, and bottom- material, and many of the
methods given are identical except for the preparation.step,
which varies with the particular type of sample-that is taken
for analysis. Included in the manual are many autemated
methods, particularly the colorimetric methods that make

“uze of the Technicon AutoAnalyzer system to antomate the
determination from sample introduction to final concentra- -

tion reaclout. e L - )

A brief discussion of the principles of the analytical tech-
nique involved and its particnlar application to water analysis
precedes each group of analytical methods. For each method
given, the general topies covered are application, principle of

the method, interferences, apparatus and reagents required,
" a detaited deseription of the analytical procedure, reporting

reselts, units and significant figures, and analytical precision.
data, when available, ‘ '

Methods for the Following determinations are included-in
the manuak: .

Dissolced constituents and physical properties

Aeidit:y Arsenic
Alkalinity Barium
Aluminum - Beryllium
Antimony Eoron

Dissoloed conariteents and physical properives

Bromide
Cadmium .
Caleium
Carbon dioxide
Chloride -

~ Chromium

Chromium{VI)
Cobalt

Copper
Cyanide

" Fluoride

Hardness.-
"Hardness, noncarbonate-
Todide -

Oxygen, dissolved

pH-

Phosphorus.

Phaspherus,. hydrolyzable. -

Phosphorus, organic .. '

Phosphorug,  orthophos-.
phate

Potassium, -

Selenium

Silica

Silver

Sodium ]

Sedium adsorption ratio.

Sedium, percent

Iron Solids, sum of constituents -
Iron(ID) Solids,. nonvolatile: on igni—
Lead tion .
Lithium Solids, volatile-on ignition -
Magnesium Solids, residue .on evapoera-
Manganese tion, at:105°C .
Mereury Solids, residue -on evapora~
Molybdemum tion, at 180°C '
Nickel . Specific eonductance
Nitrogen, ammenia.plus or-  Strontium;
ganic © Sulfate
. Nitrogen, ammonia Tin
Nitrogen, nitrate _Vanadium
Nitrogen, nitrite . - Zine
Nitrogen, nitrite plus ni- :
T otmte .
Suspended constitaznts |

. Solids, nonvolatile en ignition

Solids, suspenderd, residue az 105°C
Solids, volatile on iymition

Total recoverabie constituents and physical property

Aluminum
Barium
Beryllium
Boron
‘Cadmium
Caleium
Chromium
Cobalt
Color

Copper

Iron =~

Lead

Lithium
Magnesium
Mangunese
Mercury
Molybdenum .
Nickel
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Tolal recoverable constituents and piysical property

Potassiom Strontium
Silver Tin
Sodium ] Zine

Tolal constitmnis axd plpsical frroberives
Antimony Phosphorus.
Arsenic Phosphorus, hydrolyzable
Cyanide Phosphorus, organic
Density Phosphorus,  arthophos-
Fluoride phate
Nitrogen, ammeonia Selenium

Nitrogen, ammonia plus.or-  Solids, .nonvelatile on- igni-
ganic tion

Nitrogen, nitrite

Nitrogen, nitrite plus. ni-
trate

Oxygen demand, biochemi-
cal

Solids, residue on evapora~
tion, at 105°C

Solids, velatile on ignition

Sulfide

Turbidity

Oxygen demand, chemical -

Constitusnty vecoverable from botlom maderial

Alhiminum: Lithium
Barium - Magnesium
Beryllium Manganese -
Boron Merecury
Cadmium Molybdenum
Calcium Nickel
Chromium " Potassium
Cobalt Sodium
Copper Strontium
Iron Zinc
Lead
Totaf constitments in-botfomt -matsrial
Antimony’ Nitrogen, nitrte plus ni-
Arsenic . trate:
Boron Oxygen demand, chemical
Cyanide Phosphorus -
Nitrogen Selenium

Nitrogen, ammonia
Nitrogen, ammonia plus or-
fganic

Solids, valat:le on :gmtmn

inimductz{m

The Department of the Interior has a bd.sm re-
sponsibility. for the appraisal; conservation, and
efficient utilization of the Nation’s natural re-
sources—including water.as a resource as well as
water involved in the use and development of
other resources. As one of several Interior agen-
cies, the Geological Surveys primary funetion in
relation to water is to assess its availability and
utility as a national resource for all uses. The
Geological Survey’s responsibility for water ap-
praisal includes not only assessments of the lo-

cation, guantity, and availability of water, but .
also determinations of water quality. Inherent in
this responsibility is the need for extensive water-
quality studies related to the physical, chemieal,
and biological adequacy of natural and developed.
surface- and ground-water supplies. Included,.
also, is a need for supporting research to in-

 crease the effectiveness-of these studies.

As part of its mizsion the Geological Survey is
responsible for generating a.large part of the
water-quality data for rivers, lakes, and ground
water that is used by planmers, develepers,
water-quality managers, and pollution-eontrol.
agencies, A high degree of reliability and stan-
dardization of these data is paramount. .

This manual is one-of a series prepared to-dae-.-
ument and make. ava:lable data. ecllection and -
analysis procedures used by the Geelogical Sur:.

vey. The series- deseribes procedures.for plan...
ning and executing speeialized work.in waterare~ .

sources investigations. The unit.of publication,
the chapter, is limited to-a narrow field of sub-..

ject matter. This format permits flexibility in re-- -

. vision and publication -as the need arises. For-

convenience the chapters o methods for water- .-
quality analysis are group&d into the following, -

categones ' -

Inorgamc substances -

Minor elements by emission spectroscnpy
Organic substances

Aquatic biclogical.and. rmcmbmloglcal sampl&s
Radioactive substances

Provisional drefts of new or revised‘analytical.- .

methods are disoibuted. to field. offices .of the:

-Geological Survey for theiruse. These drafts are-

" sobject to revision based on use or- because of
advancement in knowledge, techmqueﬁ or

equipment. After a method is sufficiently devel--
oped and confirmed, it is incorporated in a sup--

plement to the manual or a new edition of the ._§
manual and is then available from the Superin- .- &
tendent of Documents, U.S. Government Print- .

ing Office, Washington, D.C. 20402.

Purpbse .

Rapid changes in technology are constantly
providing new and improved methods.for the .
study of -water-quality characteristics. It is,
therefore, necessary that methods manuals be

- updated. frequently in order to gain the advan-
tages of improved technology. The purpose of
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this chapter is to record and disseminate meth-
ods used by the Geological Survey to analyze
samples of water, suspended sediment, and bot-
tom material collected in connection with ongo-
ng water-quality investigations. The manual is
an update and enlargemer:t of Techniques of
‘Water-Resources Investigedons (TWRI) of the
1.8. Geological Survey, Book 5, Chapter Al,
“Methods “for collection and analysis of water
zamples for dissolved minerals and gases,” by
Brown, Skougstad, and Fishman, -published in
1970. Of special note is the fact that this manual

includes mefhods for analyzing samples of warer—

suspended sediment mixtures and of hottom ma-
terial eollected from strearr.a, lakes, and Teser-

voirs.
Althongh-excellent and -authoritative manuals

on water analysis are availeble (American Puhlic
Heslth Association and-otkers, 1976; American’
-Society for Testing and Materials, 1966), most'of

them emphasize primarily <ither municipal, “in-
dustridl, or agricultural water ntilizatien. No
single reference or cornbination meets all re-
guirements as a guide to the broader phases of
water-quality investigations conducted by the
Geological ‘Survey. These investigations are
intended to define the ¢hermieal, physical, and bi-
ological characteristies of the Nation's surface-

- and ground-water resources, as well as to indi-

-cate the suitability of these resources for various
beneficial uses.

Scope _

This chapter includes tecl;miques and proce-

duresfommd to be suitable for the.analysis of rep-

Tesentative samples of water and fluvial sedi-
ments. The methods are grouped according to

the analytieal techniques irvolved.and include—

Dample preparation and pretreatment
Atomic gbsorption spec‘rometry
Calenlation methods

: Colorimetry
Electrometry

- Gravimetry
Titrimetry

Mest-of the groups are-introduced by 4 brief

description of the chemical or instrumental prin-
ciples of the technique involved, followed, where
appropriate, by = diseussion of the types of ana-
lytical operations that may be required, the sen-
sitivity ‘that may he- expected from the tech-

nique, interferences, applications of the
technique, and general references. Each section
also includes a detailed description of all methods
inwhichthat {echnique is used, first as they may
apply to the determination of constituents in so-
lution {dissolved), then to the determination of
total or total recoverable constitvents (sub-
stances both in solution and adsorbed on or a
part of suspended sediment) and finally to the
determination of total or recoverable constitu-
ents from samples of bottom material.

Fach method has a single identifying four-digit
number preceded- by a letter. The Jetter prefix
designates whether the method applies to a
physical characteristic (P), an inorganie sub-
stance (I), an organic substance (O}, a radioac-
tive substance (R), a biological characteristic or
determination (B), an element determined by .
emission spectrographic method (B), or a sedi-
ment characteristic (S). The first digit of the
identifying number indicates the type of deter-

-mination {or procedure) for which the method i
- .suitable, according to the following:

¢ ~—~-—-— Sample preparation.

1~ Manual method for dissolved consti- -
tuents.

2 -e—— -Automated ‘method for dissolved
constituents,

3 —~—— Manual method for anslyzing water-
suspended sediment mixtures.

4 ~-——— Automated method for analyzing
waier-suspended sediment mixtures,

§ ——— Manual method for analyzinz. sam-

: ples of bottom material.

6 wome-—— Automated method for analyzing
-samples of bottom material, . -
T -Method for suspended constituents.
The last three digits are unique to each method.
:Additionally, each method number has an ap-
pended two-digit mumber designating the year of
Iast approval of that method. If revisions of a

-method are issued within the calendar year of -

last -approval, suffixes A, B, ... are added to .
the year designation to identify -such a subse-
guent revision. This numbering system simpli-
fies unequivocal ‘identification of each ‘method

. and dlso simplifies updating of the chapter as

new or revised methods are infroduced.
Definitions

Reporting the results of analyses of water and -
fluvial sediment samples requires the use of a

‘number of terms that are based on the combina-

tion of physical phases sampled {water or sedi-
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ments) and analytical methods used These: terms

are defined below,

Dissolved. Pertaining to the material in a repre-
sentative water sample which passes through
a 0.45-pm membrane filter. This is a-conveni-
ent operational definition used by Federal
agencies that collect water data. Determina-

- tions of “disseolved” constitnents are made on
subsamples of the filtrate. A

Suspended, recoverable.The amount of a given
constituent-that is in solution after the part of

a representative water-suspended sediment
sample that is retained on.a 0.45-pm mem- .

brane filter has.been digested by.a method
(usually using a dilute acid solution) that re-

sults in dissolution-of only readily soluble-sub--

stances, Complete dissolution of all the partic-
ulate matter is not achieved by the digestion

treatment, and thus the determination repre-'

sents something less than the “total” amount
{that is, less than 95 percent) of the constitu-
ent present in the sample.- To achieve eompar-

ability of analytical data, equivalent digestion .

procedures would be required of all laborato-

ries performing such -analyses, because differ-

ent digestion procedures are likely to produce

different analytical results.

Determinations of “suspended, recoverable”
constituents are made either by analyzing- por-
tions of the material .collected on the filter or;
more commonly, by difference, based on deter-
minations of (1) dissolved and (2) fotal recovera-
ble concentrations of the constituent.

-Suspended, total. The total amount of a given
- constituent in the part of a representatwe '

water-suspended sediment sample that 1s re-
tained on a 0.45-um membrane filter. This

term is used only when the analytical proce- -
dure assures measurement of at least 95 per- -

" cent of the constituent determined. A knowl-

edue of the expected form of the comtxtuent in-

the sample, as well as the analytical method-

ology used, is required to determine when the

results shouId be reported as “suspended, to-
tal’

Determinations of suspended, total” constit-
uents are made either by analyzing portions of
the material collected on the filter or, more-com-
monly, by difference; based on determinations of
(1) dissolved and (2) total concentrations of the
constituent.

R TR,

Total, recoverable. The amount of a given con-
stituent that is in solution after a representa-.

tive water-suspended sediment sample has
been digested by a method (usually using a di-
lute acid solution) that results in disselution of
only readily soluble substances. Complete dis-
solution of all particulate matteris-not achieved
by the digestion treatment, and thus the de-:

termination represents something less than ..

the “total” amount (that.is, less than 96 per-

cent) of the constituent present in the- dis--

solved and suspended phases of the sample. Ta
achieve .comparability of analytical -data,
equivalent digestion procedures would be. re~

. quired of 2l laboratories performing such -

analyses, because -different digestion proce-

dures are likely to produce different. analytieal.

results..

Total. The total arnount. of a.given constituent in

a representative water-suspended - sediment
sample; regardless. of the constituent’s physi-
cal or chemical form. This term is-used only.
when the aralytical procedure assures meas-

urement of zt least 95 percent of the:constitu- .
ent present in beth the dissolved and sus- .-
pended phases. of the sample.”A knowledge of -
the expected form of the. constituent. in the -
sample, as well as the analytical methodology -

used, is reguired to judge when the results

should be reported as “total.” (Note that the

word “total” does double duty here, indicat-
ing both that the sample. consists of a water-
suspended sediment mixture and that the an-

alytical method determines all of the eonstltu—‘

ent in the sample.)-

- Recoverable from bottom.ma.tena] The amount -
of a given conmtuent that is in solution after * -
a representative sample- of bottom material.

has been digested by a method (usually using

FREET
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an acid or mixture of-acids) that results in dis- . -+ ; :

solution” of oniy readily solublé substances...

Complete dissolution of .all bottom material is

not achieved by the digestion treatment and. -

thus the determination represents less than
the total amount (that is, less than 95 percent)
of the constituent in the sample. To achieve

comparability of analytical data, equivalent -

digestion procedures would be required of all
laboratories performing such analyses beeause
different digestion procedures.are likely to
produce different analytical results.

Fitieea MLy el
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TABLE 1.—Factors for converting milligrams per liter to mitli-

Total in.bottom material.The total amount of a
equivalents per liter

given constituent in a representative sample
of bottom material. This term is used. only

7

te

[1975 atemic weights]

SRR

when the analytical procedure assures meas-- Sumof  Coum Sumof  Com
a2 . = > tomi i atomic version
¥ urement of at least 95.percent of the constitu- - len Momie  Tomien Ton tomie  versir
E’ ent dEtemﬁned- ‘!} kno"‘:ledge Of the expected 107.868 0,00827 | I7) L...aes 126.904? 0.00788
“é‘i form of the constituent in the sample, as well 3235%2 ,3;3 }If;:; 33‘.33? .22332
& as the analytical methodology used, is re- 1389102 02160 | Mg*2 ... 24,305 -32?3
s s 37.3 01356 | Ma*2 ... X : 0364
s quired to judge when the:results should be re- Bitinie (22102 | Mues 54.9380  .0728%
4 4 i . ¥ial ” 5B.8082 05101 | Mo*3 85,94 ealzy
ported-a.s .total m bottczm materi.. . . %8.904  .OL262 | Na*l ... 22,9898 04350
In describing an analytical method, it is nee- - 008 04380 | Nigeil 180083 05sdd
: X o { g . K .
5 to compare the result obtained by the - 35.453 ‘02821 | NO, 46.0055 02174
essary D 0. ! o2
method to the value that is sought, normally the el oaoes lond1 . irowrs  .oseay
E : i c i i Cr*3,..... ©5L996 05770 | PB*2,..... 2072 00985
; true concentratmn. gf the chemieal substa_nce in NP S g o S
the sample. Definitions of terms that are used . oN-1.,.., 26.0177 L0384 132,05 :gggss
: : Cu*? ..... 63.546 03147 42,8576 a9
for this purpose are given below. F-1...... 18.9984  .05264 118.69- 01685
Accuracy. A measure of the degree-of conform: - iz seber  losam Nioite  ozoar
- . [ » - LU n
ity of the values generated by a specifiecmethod s T..... 10019 20218 81.62 02283
: Hg*2 ..... 200.59 00997 509414  .03926
or procedure with the true value. The coneept  1eo, 5’7 “sroimt lowsas T ega108. 07988
1 y ias- 1Eie .ar- HPO,~2 .. 95.97926  .0208% | VOs~l.... _ 98.8396 01011
of accuracy includes both bias.(systematic er H,POs~1.. 9698716  .01031 Zoz ... 6538 .03058

ror) and precision (random error).
Bias. A persistent positive or negative deviation
of the values generated by a specific method

- or procedure from the true value; expressed
as the difference-between the true value and
the mean value obtained by repetitive testing
of the homogeneons sample.

Procision. The degree of agreement of repeated
measurements by a specific method -or proce-
dure, expressed in terms of dispersion of the
values generated about the mean value ob-
tained by repetitive testing of 2 homogeneous
sample.

Significant figures. - -

The significant figures used by the Geological
Survey in reporting the results of analysis in mil-

. ligrams or micrograins per liter are the result of

a compromise between precision of the measure-
ment, importance of this precision to the use of
the analytical data, and obvious advantages of
some semblance of uniformity in tabulations of
analytical data. One of the commonly used meth-
ods, which applies only to the expression of the

precision of a determination,.is to include all dig-

its known with certainty and the first (and.only. '
. the first) doubtful digit. This method has one.cb--
vious disadvantage: published data so reported.-

may not be interpreted to mean the same thing

by all users of the data. -
Chemical. milliequivalents per liter are com-

puted by multiplying the reported concentration

of the individual constituents, in milligrams per: -

liter, by the reciprocal of their equivalent

weights. The factors for the conversion of milli--

grams per liter to milliequivalents per-liter for

the more commonly determined constituents are

given in table 1. : :
Milliequivalents per liter as reported by the

_ Geological Survey are numerical expressions of
.milligrams per litér and for uniformity are-car--

ried to three decimal places regardless of the
magnitude of the milligrams-per-liter value; the-

. significant figures shown in no way reflect the.
precision of the measurement as do the milli-

grams-per-liter values.
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