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FORWARD

This manuil was compiled [rom tecliniques used in the Environmental llealth Laboratory
of Sundia Laboratories at Albuquerque, New BMexico, and is a revision of an carlicr pubiication
(SC-RI-GT-3044) edited by Lial W. Brewer, The procedures are similar to those usaed in other
laboratories devoied ta Environmental Health practices, Same of the metheds re standard and
others are modified to suit our needs; others werce developed at Sundija. 'The author hag attempted
1o present o1l methods in a simple and concise manper, but in sufficient detail to make them readily
usable, [{ is not inferred that the methads are universal for any type of sample, but they have been
found very reliable for the types of samples mentioned. The buthor will welcome inquiry for clari-
fication of any part of this manual., It is the desire of ihe author that this manual will be of use

and service to others, New and revised procedurces will be issued as supplements 1o this document,
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517 TTON A
ABSORFTION SPECTROVHOTOMETRY

The application of abgorption spectrophotometry to the analysis of varjons materials is
presentedan s section, Gasdysis by optical absorption bas two agpects, colopimetrie amg

mppcect ruphumnwt e,

Coluorimetric analvsis is the determination of the concentration of coluret substanees

by their color inlensity in a specific spevtral reglion,

spectrophotometrice anpivsis 18 the determmination of the concemeation of o substanee
accurding to ils dbsar, on of o gpectfic monochromatic radlation, [n this method o speciag
solulion must be prepared for the determination of vach materinl; 1w methed iy suitable Tope 1he

rowlioe determination of o given clement {n o given medinm, at oot for poutine qualitative analvsis,

The peneral principles and characteristics of the method, including the apparatus, measure-

ment technigues, ele,, are given ln the Tollowlng seetion,

I




ANRSENIC [N AR, LRINE, AND WATER
Alisirae

Arlwal samples are reduecd to trivalent arsenic, evolved as arsine gas ond collected in

silver dicthyldithiocarbamate which is thep determined colorfmetrically at 560 nm,

AVEARATUS

Spectrophntometer, Beckman DU or equivalent with 1-cim cells,

% Generator [lask ' / C

o

1} Scrubber with plass wool plup
of lead acotate

¢ LEvolution tebe A Fipure 1. Arsing Generator

HLIIALGENTS

-~ —_— —_—

Sulluric acid, vone, {£5™ H,JHU‘II
Nitri¢ acid, conc, {707 IINUE}

Hydrochloric acid, conc. {36% IIC])

I‘erchloric acid, cunc, (707 11(‘1{]4]'
Acid digestion mixture O, 3:1:) cone, HHUS; conc., H'IEG-I; cong. H-C'][_',‘,I4

q in 10 ml of

Arsente Standard solution {1 mpfml} - Dissolve 0.660 g As,0
0% NaOFL then dilute to 1000 i,

Ammuoniwn oxalate, saluraied solution

stanmous chloride selution, 40 p stannous clioride dihvdrote dissolved in

—_——_—  — Termm T

100 mal cane, HC1

'otassinm ivdide solution - 1issolve 13 ¢ KI in 109 m) wates,

Lead acetate solution - Dissulve 10 p lead acetate o 100 ml water, Glass

wool in the serubber o Soaked in thg solution, deained, and dreied,
Zane, pranular X omesh
s radine, VR

Vs absorbang sodution - 1 g sver doeun idithaocarbas st isselvea

. e — = =

200 =1 o VN pevridine, sojution s then I lered Sefore wev,

T e e - i e et — -—
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CALCULATIONS

1.

mg As/l urine
mg Asfl water

mg :'iﬁfr‘.':a

"Determination of Arsenic in Afr," Manual of Analytical Methaods,

ACGIR {1958),

pp As (from curyve)

—— e — ey J e -

mii of urine

I S

m: of water

mpg ASs o

m3 of alir sampled at 5117

—_—— HEAS I
liters of air sampled at 5TP

Helerencos

14

1+



CHULLOMINE TN AR, WATER, AND WASTEW AT

Ahsiraet

Voelw coler s developed whoen o-tglidine is reaeted with ehl  rine in el solition,

The maximmum absorptiog i at 416 o andd also ot 4385 ai ol o pE of 1.4,

APPLICATIONS AN LIMITATIONS

This mmethod registers the tolal available clilaringe sl {5 rapid and simple, lean, mampa-
noese, aned mteite will imterfore oven o soadd quantitaes, Tl range 15 -1 PEML Higher ccoee -

tration cun b ana)veesd by diluving the saaple,

AP ARATUS

Hach colorimeter
Fruted babbler or midgel imploger, all plass

_—— . -

\asorted Libnrlory plasssore

RIAGEXTS

G 42-ToliVrr Cat, N, 141

—_———— —_—_—

ANALYTICAL "R EPURE

1. Posse o known volume of aar througn o [oilled Bubbler of & oo ddget impingoer

contawning 001X Wall, Afer sampliap, meutcanlze 2o poe 3.0 witkh IX HCLL

2 F.ll a 25-ml produated evluwder with oar sataplng <olaticy or waler Lo

b analvzedd,
1, Add 1 ] O-TolhVer and nax well

1. H chlorioe ix prescnt, a vellos colar wall develo,  Ylow 2 mnutes for

color develpunment at 207,

3. Fill a colorimeter botile with vitreated sater sdengple and place 1tan the
light call
B, In~ert e chdorim: veler =cales w fhas ete = ard ysy e Haek vds coloa

Tulter. 1'ress Uy Lipht sw ek ad addpasl 1 ll._._'_ll‘.t cott o] Tur a o a el T et

vl zera P

L
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[ W

odid e ferepured Sumpit 1o o Cossrimeter bottle ol place b the light
coed, Press the Lght swiich and read the P ehiorine,

-+

1 thwe sneter peants hipher tan 313, the sariple mus: be didvtec,

Referenees

Hacn Chenica: Co, Engineers Labomatory Methody Alanual, st Ld., 18G4,

[Bolvg, 12 F., Colorimetric Determination ol Nonniplals, Imterscience

Fublishers, ne,, MY, (1238), . 163,

-



CHERODMIC ACIL MIST 1IN ALH

Abhstract

Chromates peact wilth sym-diphenylearbazide in acid sclution to produce a pink-viol

color ot 5340 aw, whicon conforineg 10 Boer's Law,

ARPLICATIONS AND LIMITATIONS

The rapge for this methed is Srom 0.2 pp Cr (1 6) up o ahoul 10 wp Cr {+8). The muin

interferences ure iron, copper, nickel, and vanndiuvim.

APPARATUS

Midge: impingers, sl glass

Graduated cylinders, 235 ml

Spectrophotaimeter, Becaniap U or equivalent wils 1-cm cells,

REAGEXTS

Sodium bydroxide (IN) - Dissolve 40 g NaOH in i liter af <astilled water,

Sulfuric acid {200 solutiva} - Add 108 il cancentrited ”"5{}4 to 800 mi distilled

wiler, When cool, dilute o 1 liter,

IPotassium dichromate (Cr + ), 100 PR or 0,1 pgful - Dissolve 0,2829 g

I{,z{.'.‘r ) in 1 liter of distilled water.

2

Svin-diphenyicarbazide reapent - Dissolve 0.3 ¢ syme-diphenyiearbiazide in 38 ml

glacial acetie acid and dilule to 400 ml with distilled woler,

AMALY TICAL PROCEDURE

\. Collect samples v two idget immngees in serie=, ysing 173 0l of

1% NaOH for colleciing media in each impinger,

2. Tronsler the samples o 25-m] grinduated evlinders wilh ilisiilled waler,
3. Aeidify witn 107 sulfuric acid, ~heck with iitmus, and ¢ 7T he Lo valame,
1. IPiace 2- nd alujuel inte 25-ml gradeated evlders, ol 5ond 107, sulfuric

Aeid and 1 o=l .q}l'l'l'Ihl'li']l.'r'l}][';irhﬂ?'.l.:[" reageet, oty b aRvering

sevemal brsnars,

3 P ivte Ao 25 sl s thy dastalleyd st
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I, 1'repare standards Tron the 100- 1T standiarad HECPEUT by pipCtting
U, 0, 10, 20, b0, and 100 2l inte 25-ml graduntied eylinders and treating
the smne ays samples starting with step 4. These standards are, re
spoctively, the 0 g, 0,5 pp, 1.0 pg, S0 pp, 5.0 pe, acd Y0 up of Cr (+6).
The Q-hp standard is used to sel the zero absorbance reading of the

spectrophotameter at 540 nm,

Hoend standards amd samples at 530 nm.,

H. A ralibration curve is deawn by plotting the pp of Cr (16) aguinst the

absnrhance of the standard,

CALCLULATIONS

i. Blank absorbance values, if any, should be substriacted frem each sample

ubsorbance value,

. 3 -
2, mg CrO,/m . @i Cr (48) from curve “ EJ.W. (Cr0.)
Vol, of aip samples in liters LW, )
. agCriE) . loo
| L LN ' 52 ’
sumple
References

1. Jacobs, M, B3, The Anulytical Chemistry ol Industpial Poisons, Hazards

and Solvents, Interscience 1'ublishers, 13945,

2 Snell and Snell, Colorimetric Methods of Anadysis, Vol, i, D. Vay Nostrand

Coa, 1948, pp, 274-270,



CYANIDIZE AND BYDHROUYANIC ACID IN MR AXD WATLR

Abstract

Cyanitde is poutralized and converted to cyvanopen chilacisie by reaction with ehiorambme-'T,

This reaets with pyridine-pyrazolone reapemt to form s blue color which can be read 2t 620 o,

APPLICATION ARD LIMITATIONS

Eensitivity and preeision con be improved by extracting Lhe ogueous splution with n-butyl
alosliol an:d then reading e absorbaree ut G330 nm. Fer agucous ¢glor readings, ilic eflective
range o Y5 pg and sensitviy is 0,5 pp, For Wie exiracted color, the ranpe is 0L2-2.0 g, while
the #ensitivity is 0.1 g, Only minar lig:itations occur wiilh this method, The salt centent of

sampie and standards ctould be the samc tu cblain colors ol comparable otensity, Thioseranates

armd cyanopen will give the same reaction s cyanides,

AVPPARATUS

Spectropholometer, for uRe with L-cm ceclls at 620-63¢ nm,

Assorled laboratory glussware

Fritleed bubbler

—_—— T

HEAGLNTS

Sodium hydroxide (IN) - Rissolve 40 g NaOH in 1 liter of distilled water,

Sedivm hvdroxide (0,2X) - Dissolve # p NaOQ!H in 1 Inler of distilled water,

ACpiie acid

— —— R S

s TLLLU,

Agetic aeid, 1:-l

1'vridinge

n-bulyl aleohol

3-mwetha Y- 1-phenyl-5-pyrazolom: spjution, Eastman 1387 or cquivalem - Prepare a

sar byt el ajuLrDes salution {= 1,5 J_gfllll'l 111l 'Ll...l[t"l‘:' i woirny waler,

Biscparatale e, Fasimian G000 o eqguivalent - Con be prepared Lo disiszalvup 17,4 p

of 3-methnd -1 phenvi-d-parazolease v 100 ml ethsl aleoviol,  Yedd 25 g phens ] hvdrazine,
freshly Leylled, ender Feguesd pressare,  Hefluy anoan ad)-glass stitl, Ten wotwelve
ours i reflusinge ae Bevessars oo product the s -perasolane, Filler alia)e S,

wash owrth o oethal aicoznd, ol agr-adrs,


http://absorbar.ee

Mixed pyridine-pyrazolone reagent - dix 125 ml of saturated pyrazolone with a
solutioh coptaining D025 g bis-pyrazolone dissolved in 25 ml pyridine, The mixed

reagent develops a4 pink calor an standing, PHEPARE FRESH DALY,

Pisodium hyvdrogen phesphate solution - Dissolve 5 g anhydrous I“éu:ﬂ_,IHHEI_i in 100 ml

ol distilled water,
Stock standard, 1 mg CN/ml - Disgolve 2.310 g KCN in 1 liter distilled watcer,

\Working standard, I yg CN/ml - Dilute i0~mi stock standard to {000 ml with

distilled water, mix, and make a second dilution by pipetting 10 ml into a 100-ml
volurnetric flask. PREPARE FRESH DALLY,

ANALYTICAL PROCEDURE

1, For air samples, pags a known volume of air through a Iritted buboler

cohtaining 1N WaOl. Use twao bubblers in a series, Sample at 1 liter/min,

2, Pipet one or more aliquots of the alr sample absorption sclution of water
sample inte a2 25-ml graduated eylinder, Dilute to 15 ml with G,2N NaOll

angd neutralize cact with 1:4 acetic acid to pH of 6-7,

3. Add 0.2 ml chloramine-T solution, stoepper, and mix, Allew 2 min [or the

reaction to ocour,

. Add 5 wml of mixed pyridine-py.srazalone reagent, stopper, aud mila, Allow
2t minutes for ecolor to develop, Make up to 25-ml volu.ne by adding

distilled water, Mead absorbance at 620 nm,

a, If greater sensitivity is necded, add 1 ml of disodium hydrogen phosphate

and 10 m} butyl aleohal, mix, and read absorbanee at 634 nm.

Preopace a blank fram 15 m) 0.2N NaOH and standards in the range
0,2-1 ppg CI"7. Neutralize to pll of 6-7 with 1:4 acetic acld and proceed
us ip step 3, A palibration curve is drawn Ly plotting ug CX™ against the

ahsorbance of the standard.



CALOL LLATIONNS

ME N = HE l.'fl"fi- B sDoncele oenorarwe s 14000

—_—

T BTN § PR

Heleringes
1. Enurein, J,, "Estimation of Microquantitivs of Cranine, " Aral, Chem, Ib
(1947} )2 232,
2, cenkack, IFOY,, Moore, W, o amd Huehbuls, ©, T, "Leterinasetion ol C-anirdes

Sy Water amd Waste Snn'-_nh‘ﬁ," Anal, Chen:, 26 {8540, b, 178,



FLLUORIDES ANTY HYDROGION FLUGRIDE IN AL AND WATER

Abs1racy

Flunride is determined colorimetrically 2y the reaction bhetween Quoride and o zipcunjummn-
dye lake, As the umount of flueride increzses, 1he color of the dye lake becomes progressively

lighter apd can be mespsured at 570 nm,

ADPTLICATIONS AXD LIMITATIONS

The SPPADXS methind is subjeet to errors where interfering jions may be present, They are:

Cane, {I'’M) Yype of errort
Alkalinity (as EﬂCU:jJ 5000 -0,1
art? 8.1 -a.t
c17? 7000 £, ]
ret? 10 -u,1
Hexametaphosphale {HaI’DH}ﬁ 1,0 tH, 1
PD_I-E 16 +4,1
50 4'2 200 +0, |

-1
*Prror at 1.0 mg/l F

To remove maost interferences, [t is necessary to distill the water sample. As these indlerferences
uwre neither linear or additive, mathematical compensation will be ncorrect, The tempuerature of

the samples and stanuards must be ot the same wemperature or results witl be incorreet,

APPARATUS

Hach ¢olarimeter

Midger impinger

Assoroed 1.1‘igratnr-v plussware

Distillation apparatus consisting of o P-litee pownd -Bottom, long-neck bolling

flusk, a4 connecting tube, condeanser, o thermometer adapter, and a thermomneter,



RIDVGENTS

Hach S1'"ADXNS fluorirde reapent, Cat, No, 144

— s ma — =

lliich standard fluoride solutivn 1 PI>A l:-'-:I , Cat, Mo, 201

—_—

Sodium arsenite solution - Add 5 g NaAsO_ to 1 liter distilled wiler,

2

Sodium hyvdroxide solution {D.1N)

ANALYTICAL PROCLEGURE

1A,

114,

[*ass a known volume of air through a midget impinger contawming 0,114 NaOF.
Colleet in series, Aller sampling, transfer each air sanple solution to o 25-ml
graduated cylinder and dllute with distilled water te the 23-ml mark,

Fill a 25-ml graduated cylinder with water sampie te be analyze.’,

11l a 25-ml graduated eylinder with standard 1,0-1*1*3 [luoride solution,
Allow standurd and unknown samples to equilibrate at room temperature,

If the sumple conluing chlorine, remove it by adding 2 drops of Sodlum
arsenjte solation,

Pipet jnto cach geaduated eylinder 3 ml SPADNS {lucride renpent; stepper
and iy well, Transfer cach to colorimeter cells,

insert the Muorlde meter seale into the Hach colerimeter and use the

788 volor Mler,

'tace the colorimeter cell that contains the preparcd standard MNuoride solution

in the lipght cell, Press the Hpht switel and adjust the light control for a meter

readlog of 1,0 PP1PM Ouoride,

1'lace 1he colurimeter cell that contailns the unknown sample s the lipght cell,

Fross (e light switeh and pead the PPM (ppfml) fuoride,



CALCULATICNS

upiml ' x sample volume {ml)

Tota) upg F in sample

L F [ liters of air sampled

mg Fdfmj

mg IIFJ’mE = pg F / liters of air sampled x 1,05

Relerences

1, Hach Chemical Co, Engineers Laboratory Methods Manual, 1st Ed, 1964,

2 Standard Metheds of Water and Wastewater, 13th Ed. 1971,
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FLUORINDE TN URINU

Abstract

Fluoride is 5eparated dlrectly from vrine by ion exchange, Flooride is cluted and deter-

mined colorimetrically,

ADPPARMATUS

Chromatographic columns, Kontes No, K-422250 Chromaflex Column No. 2, with

125-ml reservolr,

Assoried laboratory glassware

REAGENTS

Dowex 50 W-XB, 20 to 50 mesh in the free acid form as urine preservative

Dowex 50 W-X8, 100 10 200 meeh in the free acid form

Dowex 1-X8, 100 to 200 mega in the ehloride form

Charcoul, caconut, acid washed, activated, 50 1o 10D mesh
Sand, white quartz, 60 to 120 mesn

Sodium hydroxide solution {(3M) - Dissolye 120 g NaOH In 1 liter of distilled water,

LErigschrome cyanine R reapgent - Dissolye 1,80 g erlochrome cyanlne R in a liter

of distilled water,

Zirconium reapent - A solutien of 0,265 g ZrOC1, ¢ 8H,0 in 50 ml of wnter s

made up 1o 1 titer with cone, EICY,

Sodium hydroxide (0,30} -~ Dissolve 12 p NaOH in 1 Uter of distilled water,

Aised color reagemt - Egual vidumer of zirconium reagent amd vriochrome

cyanine I reagent are mixed (Qdd zirconium to dyeh (Five ml of this mixed

reagent 15 required for each fraction colleeted, )

Reference solution - To obtain the zero absorbance reading, 10 ml of the d,e
solution is added to 300 ml of water; thep 10 ml of 4 solution prepared by

diluting 7 ml of cone, 11CY 10 10 ml with woter §s added

Fluoride stonduard - Dissalve 0,221 ¢ NaF in ) Hter of 0,35 MaOH {1 md = 10 up

—_— -

Muoridel,

LES
=]

-

-\.
L R T T

-
-
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PRIEGCARATION OF RESENE

Duwex 30 W-X8, 20 10 30 mesh, for urine nregervative - Wush resin iu o Inrpe column

with 4 valumes ol distitled watern, then «Ash with 3 volumicys of IM HCL, {(Velumiv is
thal aquivalent f L the anouant of resin,) Fimally, wash with agistilled water antil efflwent
ia neutrai to pbl test paper. Drain celun:: and trarslor resin (v & Pyrox tray and drey

ar 40°C.

T owex 30 W-X8, 100 to 200 mesh - I lnppe columnn, wash with 3 volumes of ethyl

leohol, 3 volumces of distiiled water, 3 volumes of 3%] HC1, then with water untyl

nevival 1o uH lest paper, Siore in a 1:1 slurry in distilled water,

Sard - Dipest al 10D°C for 2 hours with 20% NaOH, wash witn digtlled water, then
cdigest for- 2 hours at 10D°C in 1:3 BEC1. Firally, wosh with distilled water dazil
neatral 1e pl test paper; transfer to Pyrex way and Jry at 10L°C,

COLUMN PREI*ARATION

Pretreatinent Column: Add 2 ml water to celuma, witly stopeack closed, then add 26 mi

of L1:1 slorry of charcoal; let all drain except 2 ol water, then add 2 ml 1:1 slurry of
100 to 200 miesh Dowex 50 W-X8, When resin has setiled, but waler is nol complotoely

drained, add a 2-em-thick layer of sand,

Separation Column: Add 2 ml water to column with stopeock closed. Add 20 ml 1:1
sury'y of Dowex 1-X0 (109-200 mesh)., Twirl tube befere water drains to level the
resin snrfage, Add 2 em of sand before all water drajns from column. Convert the
resin to the bydroxide form Ly adding 150 ml of 3 M NaDll, Wash with water until

cffluent is newtral to pH test paper.

ANALYTICAL PROCHDUNE

1. Colle ct urines la contairners containing 5-ml valume of 20-3:0 mesh

ow 'x 30 W-X8 ger 100 nil of urire,

2 Dduie 23 m] of preserved urine 1o 250 ml,

3. PPass 50 ml of diluted urine throuph the preireatment cnlumn and dizeard
the ¢ffucns

i. i"uss roma. sving 200 mi diluted urine throogh eolumn und collect cifelent

in a palyctbylene bottle,
B Pass 100 ml of the clardied urine through cach of 1wo Dowes 1-X8 columns,

6. o~ calumns with 50 ml distilbed water and allow 1o stand over -maght,

Do not drawn; 1ot approximately 2 ml of waler Femmawn oun top of resin,



£ |
[ ]

10

11,

Flush the wiver irem the columns with 10 ml 0,331 Xa0H, Discard,

Elute 1he fluoride with 5 to £25-mil portions of 0,331 NaOH: colle ot each

25-ml frartion in 2 colerimeter 1Lhe,
14; N T T | P L L P LY e

To each standard &nd fraction collected, add 5 ml mixed color reagent,

Mix by inversion and let stand for 1 hou

Head absorbance at 536 nm.,

CALCUL] . ATIONS

Plut absorbance versus ug F [rom standards and determine content of

each fraction,
Add concentration of Mlveride in all 10 fraectione foy cach sample,
The tetal ueride La the (racticns ig e amcunt per 25 ml of urin,

Ti:e ugfliter = fracticn total x 40.

Heference

Talvitie, N.A,, and Brewer, L. W,, 'Separatior of Fiuoride by Ton Exchange:

Application to Urine Analyeis,” ALHA Journal, 2, Aupust 1550, . 287,

laiu
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FORMALDENYDE IN Allt

Abstraect

Formaldehyde reacts with a miodified S5ehifl's reagent to form a stable, purple-colored

complex which can be measured colorimetricully at 560 nm,

APPARATUS

Micpet bubbiers, all glass

Spestrophotometer

REAGENTS

p-rosankline, coystalline

Hydrochloric acid, cone. {369% UCL;

Aldetiyde-free water - Dolled, dguble-distillad water

sodium sulfite, crystalline

Sodluwy chloride, crystialline

Mercurle ehloride, cryslalline

Farmaldchyde, standard solation, ¥ pepfml, using 377% formaldehyde solulion

{40 g HCHO{1D0 n:l of saluilon])

Sodium tetkachloromercurawe i1 (0,050} - Dissolve 13.6 g mercury Chloride +

5.8 g sodivm cliloride per liter of aldetivde-Iree water {stock solulian),

Color reapent (1) - To 50 tini of 0,050 sodiom tvtiracldoromercusate I stock

solutign, add 0,23 g sodium saifite. I'repare fresh daily,

Color reagent {2) - Dissalve 0,16 g p-rosaniline in 25 ml HC1 and didute ta

100 mil with aldehyde-{ree water,

ANALYTICAL PROCLEDURE

Coleet sample in nridpet bubbler, using aldehyde -free wiler a5 o collecling

. 3 .
medivm, Colleet at least 1 1t of air,
To the sumjples, add 1 ml colar reapent No, 1 oausd mis thoroughly,

Akl 1 ml coler reapent Ng, 2, mix thorcaghly, and allow 1o stanad (or

15 minutes.

Rvad absorbanee ol 56D ap;,



-k
a

Vrepare 2 scries of standarrds from 1 10 10 pg formalidehyde oo 13 ml of

aidehyde-{ree water., Prorceed as in step 2,
1”]lgt absarbance versus concentration on praph paper.

Deter.nlae sarourt af locmaldehy e prescnt o the samples from the

slandard curve,

CALCULATIOXS

HE formalcdehyde {from calibraticn curve

3
mg formaldehyde/m =
Vol of air sampled in liters at STP

Beference

Lyles, G.R,, Dowling, F, B,, and Blanchard, V. J., "Qualitative Determlnation
of Formaldehyde [n the Pars per Hundred Miltion Coneentration Level,”

J, APCA, 135, No. 3, March 1965,



TOTAL IGDENE IN OIL

Absirget

sample i ashed with a chiromate-sulluric acid mixiere, Jodine is released and determiped
calarimetricully with starch salution,

APPARATUS

Flask, L0 ml, round batiamn
Glas-cel, 150-ml volume
Variae, 115 volts AC

Listillinp apparatus, with dropping [y nnel

NEAGLERNTS

Chromate solutjw  saturated H_,CrEG'.‘. I dimtillved water

Sulluric acid, conc, {365 ]lq504}

IPlosphorus acid, 307

S3odium hydroxide, (IN) - Dissolve 10 g NaQ])) in 1 liter of dlstilled water,

Pestassium popmanganale, saturated aqueous solutio::.

Sulfuric acid (48 - Add 112 ml 1

2504 19 UKE ml water.

Sodium mtrite £1,507) - Dissclve 10,3 p maMO . i 100 ol distilled siater,

&

Untagsium iadide s lytian - Dissolye 16,7 p 1K1« 100 end distilled water,

Proepace Iresh dails

Starch solution, 2 ¢ oluble - Starch irte 800 ml boiling water, ioil for

15 minutes, Add 1 .aldieylic aeid as presceyative.

PROCHEDURE

1, Mlace & 30-»  ample v 3 150 m1 boadge D s eauipaeo wilk dropping

fennel and cov hiser,

Add, drepwis: 10 ml satyrated chiramatye solutian.

3. Add 30 ml sul e acid s]owls,
4. Heatl to bojling odd, dropwise, 10 ml 307 phosphoroes acjd




(4

=
¥
L

Lo,
11.
2,
13.

14,

1.

Lliatill il itu a 33-anl beaker contaiplnge |orol, LN Natil,

Evaporate be 15l Whitle boiling, add 2 deops salurated polagsiuin

|u-r:'.|.:.;rl.|:.'1.n;:|.h.* Kalul i,

Contude 1o hotl for 3 mmules.,

Velel ot AN sulfursc acid (3 pank [3ades, 3] e g of ericanganatel,

Tl met 2 pdinates, Decvolorize with sollum ndteite moladvaan,

Holl for 3 mimtes, cool Ta e temperature,

Transfor o 50-13] voelumetele ask vt aatep,

Aded T sl puassium lodine sulotion and 4 ) starch colutlon,

Dilute ta 50 nl, l.et staind 10 uinyics,

Waeael at 375 o apainst reforence of 4 mal 201N nalfurie acied, plus 1ol

JAHAL BB EUNE Jolipne, pius dom ] of Klareh, dlluwtioe Lo 50,

I'repatre tadine ptandards staning at steqs o, 11,

HNeference

Colarimetrie Detorpiation of Sopmetals, Jlaliz, 1,

1*ublishers, Inc., New York, 104l

I'l:lj.l'.ur‘ [t b mec e e



LLECADY IN AT, UIINE, AND OO SWM IS

Absfract

Matiifedes are onhalirost with capcentraied pitre achd, fadr gen perogler, and heat, Intey
feang elemenia are omplesed mith aminetium cltrate and potasxiwn erandde, Leoad 23ty zoenr
curnnler b estraried ffeen alkatine zolation inty, chlirofura, am? the ghinorhates g mearygre:

cogeritoeirle atly at 410 ngs mavelesptiy
VECTLAOC A TIONS AN LIAMETATIONG

Thia method has Lheen tharuuphls et 0 and evalaatet, Foar a 100-2:0 urjie aarnule, the
analstical range In 3 pp lu 300 pg ey liter, The jualyy inlepferences ape due o staimous T

Lamrngth, ca'tteivem amd thallium,
LI'TPAILANT U

Specingplandenelier, Loy theareremcnl atl 10 ek,
Separatory fennel, 125-ml glase with stapdard taper fitbings
Lrlemnover fapk, 500 md with stamdard wapee flttings

Asportedd Jaisratoary gasfaare

NILAGENTN

Aitric achkd, cone, (707, HHU]‘:, rediantilleg

Iy drogen perocide (30% "2”'.!}

TN PRTLIC acul - Ilate 125 v-) nirie acny! o0 1 Tter atbhe custi]lel nater,

Nitrle aciid, 17 sudution - Dote 10 ml oitpie acid 1o 1 liter wah distilied waler,
Mntamiwn hisdronide, :‘*EP'{UH { 10" -"":"_11

Hs drochlurie acid, conc, (167 He'll

1N Ty 1_’1'1_1-5.‘_11!211‘!'!5 au il Idutes 803 el HOC) 10 1 Liter with afisnilicd water,
Chlorafarm, ('H{'IJ

[z voe - lhranlve U 016G o plwn tlavcarbasven s 1 liler of lf..'“l.'ll.

I*lictial v ].'I"I-.I-'Iiful_‘ur Fudul tan, e 1 maler w b Nat bl addodedd

Amnoniuwmn citrate (A07) - Darolve 300 o aanmadiiun, Clrele gn 100 ml aestilled
water and wikd arhnoniun bedeosede to b af G D Jute G ) Lite e wath dastplled
nater, Iatract wath 100 mn) ditharose, reparal, ot arar s, antal there as a

Coasd vhaznge, Wash e ritrale alt: Chilopadars do o o 120 s wpnbdal TR L,

nk -
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s ey baneie hydrochiormle {207 selution) - Ihssolve 20 ¢ XU 01 - HCL
v 0l distt)lled water and add amauonlium hvdreoside to pf of B, Estrac
aith "t conie {10-mi pertianes), »ash with chloroform, and aeididy with
HOCY 2o pll of 2, D4gie 1o 1d0 il soch distilled water,

ostasnzmy Caangsie $10% sulution) ~ Lhssolve 30 g KCX i 100 ml water;
catracl with edithirong(l D=l purtlunﬂ witld exiracl remalns precn,  ash

w11 ebloarofor, RDUuote to 300 m) owith gistilled waler

Laoad standard - [hesolve 1339 o peersstallized lead pidvrate in 1 liter of

17 nitrye acid {1 md = 1 mg Jleadh

Lead working stambapd - Hlute 1 ml el standard to 100 ml with 2X pitric

actd (1 mlb = 10 g I'h),

——i -

Nonn M glagsware phould be wushed in hot 11 nitric acid, tap water, then

igtibied wuter, Lefore use,
SAMULE PRI VN TTON

Alr SHml:!L‘_H

—_—- mwT— =

1. Serub {use E31 pervbber) electrostitic precipilator tube with distijled

waler into 4 Sublable bDeaker, Ak 20 ml 2X plteic ackd amd evaporute
to dryvness,

- Uring o filler-paper sawple, place filter into L30-tnl beaker;, o 'd
20 ml pitric acid and evaporate to dryness,

1. lepest nltric acid Gdaditions wi i} o white ash is oblained.

4. Dissalve the resadee in 10 ml 25N piicie acid and transfer to 100-mml
viluisetric Mask, Dilule 1o volume with 2W nitric acld and remove

4 osuitable aliyuot [oe anal "sis,

Swipe 'Eﬂr_lp_l_l{::}

Treat as filter paper abave,

Lrine Sample (or whole blood)

1. To (A0 i aligquot af u. ne (ar 10 p blvad] sna 300 -mif Lricomeyer
Dask aath prourd joint, add 2¢ m) niteic acid and 3 ml hyvarogen
|'It'lf"l.l\l|h"_

2 Evaporate wa devness; repeat acid addition until & white a5k 15 otained,

Vol 5ol 2N muirae acid and warm 1o dizsolve residuae,



ANALYTICAL PROCLDURES

Tr Rampie or aiuguot, add 2 droeps plened red and 13l 307 ansmonium,

cltrate (hlaod, add 6 ml) solution and add ammanium hvdeoxide tooa

pit ol B.2, Indicator will be red,

Aadd 1 ml 20% hydroxylamine JICL, 52 m] 1D KCN, aml 10 m) dithizene,

Alix alter cuch addition,

[nsert extractiion funnel and shake contents for ] minote,

invert and let yhe organic layer setile. Remove the flasky,

Draw a portion of the arganie luyer theough a3 cotton pledget into a cuvetie,

hleasure the absarbance at 510 nm.

I*repare standards of 0, 5, 10, 20, and 30 up Pk In 2N HNO_ and carry

3
through proccdure, starting with step 1,

1’1ot a standard curve of pp I'b versus abearbance and ebilaln the wnknown

lead coneentrayjons from thls curve,

CALCULATION

ug 'bfi urine

mp o mj

L1

pE P fran, std eurve

X 1,000
Sample vol in mi

g Pb {rom purve

L

Vol of air in liters at ST

Neferences

Mccherly, I, A, Tilly, A, and Whitman, N.E., "The Determination of Lead

in \ir and in Bioiogical Material,” Am, Ind. Hyg, Assee, Quart,, 18, 1057,

P'.. 1.[;'!!

Mdheds for etermaning Lead in Air and in Biolopical Materials, & report

published by the American Public Health Association, 1190 Droadwan

New York 10, NOY,, 1944,

i


file:///1/sq

T o - —

MEFHANGL IN AR

ALgirae!

Metharol s ondhized to fummaldeby de, and the formaleebyde reais it zoodifoed Schiafis

redget to sjeld a vivlel colior whilch 5 read on a colorimeter at 3H0 nen,

VPP LICATIONS AND LINPTATIONS

. B ,
Fhis methiod is simgbe and Tast, Ina 1-00 air sample, an air concentration of 10 PPM of

erethanol can be determined,  Clodtations ape few, althouph Tormaldehyde will obviously intecfere,
APPARATLUS

Madpe: bnpingers, ull glagk

Assorted lnboramary gludsware,

HEAGENTS

Ethyl alcohol, abaplule

Folassiuin permanganate reppent « Dissolve 3 p h'.MnGII in 25 ml IIED wlth 15 ml

B3%% iLiPﬂ 4 aid then ilute to LO0 oyl with digl{llod water,

Oxalic-sulfurle acid mixture - Dissolve 5 g oxalic acid Ln 100 ml ;1 IIESD4.

Sehiff's reagent, modificu - Dissolve 0,2 g basic fuchsin in 120 m] lud distilled

water, add a solution of 2 ¢ sedium gullitc in 20 ml waier and mlx, Add 2 ml
corcentrated HCY, dilute to 200 ml with disiiled wirler, and store in a brown
glass -sioppered bottle in the pefrigerater,  (Residual colur may Le removed

Ly treating with Norit A degolorkzing charcoal and {iltepring throupgh a Whatman

MNo, 42 filier paper,}

Methanol, 5landard splutipn - Accurately weight 1,2 ml methans] (in welching

hottle] and make dilutions with distilled waice so that 1 il equals 0,1 mg methanal,

Propace standapds of 0- Lo 2,53-mg methanol

ARALYTICAL PROCEDURE

1. Colecl sample in 1we midget impingers in serics, Use distilled water as

collccling medivm,
2 Transfer a 3-ml aliquol to 3 5-ml beaker,

3. A D25 ml canel, mix, and then add 2 -1 '1'7..'1'?-':1';.'!_1l TeageT,

3
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4I'

Nilua 1o stand for 1D munutes,
Destroy the eacend pormithganate with 2l asalic-sulfuric reagoem,

W hen solution 15 decolorized, add 5 mil modified 5elifl®s reagent, mix

and allow colur to develop for GO minules,
Head absorbanee of standards aod samples at §60 un,
standards are staprted at step 2 and a galibeation curve paeparol,

Determmine amount of methanol in sampies using standard curve,

U AL CULAVLIINS

mg metianol fm

up methanol found

Vol, of alr stampled in liters at ST

Refereneoy

Goldmarn, F. H,, Laboratory Procedurcd In Industrelal Hypiene, U5, 1*ublic

Health Service, 1947,

Rogers, G, W., "Sampling and Detennination of Methanol in Ady," J. Ind,

Hyp. and Tox, 27, 224, 11M5,
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NWITROGLEN DIQXIDE 1N AIR

Abstract

Nitrugen diexide is cotledted in sullunilic acld, The diazotized NO| is coupled with

2

doAl-naphtha ) -cihylevediaming, forming an azodye. The dye color is read at 550 nm,
APPLICATIONS AND LIMITATIONS

The ani)vtical range of this method is 0,005 to 5 PI'M by velume or 0,01 to 1D ug/fl

when siamptng with Iritted bublblers,

Thi: miin Jlmilatlons are due te inlerference from strong oxidizing und reductng agens

such as sulfur dioxide aml perosyvacylnitrate,
APPARATUS

ql"':_'_ﬂ‘rhnl pinete:

Grab-sample bgttles, 30- to J00-n:l gizes

Hubbler, al] glass

ABSorted laborzlory plassware

REAGENTS

N-(l-nophthyl)-cthylenediam.ne dibydrochloride (0,17 - Disseclve 0.1 g of the

<alt in 100 mt of distilled water. VWhen stored in the refeigerater, in a well-sioppered

amber bol)e, this reagent is stable for several montihs,

Absorbing reagent - Dissolve 5 g sullanilic acid in almosi o liter of distliiled waler

conlairing 140 ml glacial acetic acid, Add 20 ml of 8 8.1% soiution of N-(1-naphthy])-
el lencdinmine dibydrochioride, and make up to a volume of 1 hiter. Kueep in 2 browre

bottle in the refrigerator,

Podassium permanpanale solution - Dissolve 2,3 g polassium permanganate in dislikicvd

waler, add 2.5 prams (1.36 ml) of conc, suifuric acid, and . ' 16 100 ml,

Sadivm pitrite s1ock solution - Add 2,030 g sofium nitrile to 1 T - disiilled water,

Sodium nitrite working soluticn - I'repare Ipes® by diduting 1 il of stack sodiam

nitrite solutjon ta (00 mii, This solution of 0.0283 g NalNO | per Liter 15 such vhag
1 il of (g working standard, wed to the sbhsorbing reagent, produces o calor

cquivasiem to thal of 10 ul of NO_ nr 10 PPM of KO, in 1 diter of air ot © I,

41
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ANALYTICAL PROCEDURL

For less thap 1 I'PM NO,:
1. i"lace LQ ml absorhing reapgent in a {ritte«d plass bubbler.

2. Caoliect the sample at 4 0.4-1/min rate for akout 10 minules or yntil

sufficicat red-violer colpr bax developed,

3. Allow sample to set for 15 minuetes for full coler develgpment, trarsier to
~uvette, and read at 350 am in the speetraphotometer. Usce unexpgsced absorbing

reagent to sel instrument 3t 0 absorbancc.
For more thar * PPM N‘DE:

1. Collect sample in an evacuaterd 250-ml or larger bottle containing 10 ml

of abserhing reapent. Shake sample after collecting, Let 58t lor 15 minutes,

2, Read 3t 550 nm after trapsferring the liquid contalning the NO_ to a cuvelte,

CALIBRATION

1. To eighl 25-mi volumetric Nlasks, acd 0,05, 0,10, ©.20, 0.3D, 0,40, 0,50, 0,ud,

und 3,70 mil of the working pitrite soblion,

2. Dilute to 25 ml with absorbing reagent and milx,

3, Allaw 1o sot for 15 minates and then read at 550 nm against a zerca of ahsorblny
reapent,

4, Plol the absorbances of the standards apainst pl of nltrogen dipxide per ml of

absorbing reagent, The Jater vaddes are enual to the corresponding mi of
wor~ing nitritc solution timey 0.4, The plot faljows Bueer’s Law, Driw -

stra ght e through the origin giving the best fit, and determine 1w slope

K, »~:mch is ul ¢f EDE intercepted at absuvrbance of exactly 1. For 1-cm cells,

the aJue of K = 0,73

CALCULATIGNS

The mola  volume at standard conditions of 760 mm Hg and 25°C is 24,47 liters,

0.72 molt of sodium nitrite produces the same color as 1 mole of nitregen diexide,

] -3 Lo me .
Since 11 nf the working sSolution contains 2,03 x 10~ prams NaXNO_ and molecular

weigpht = !, then
2000« 1 . 24,47 - m_:' liters of NQ) or 10 ul,
69 n,72 T
I meof © cite solelion §10u3 XD, porr 23-m) velume is equivalent 1o 10425 or

fdut of 2, perml



Compuie the concertralion of nilropgen divxide in the sample by the folluwing

187 % :'~:1t:t:3 = WY
whpre

A = absorbance

N = slope of cahibration curuc

v : volume of adr sampled gn litere per mil of abscriving reagent
Referonee
I. Saftzman, B, ., "'Colorimelric Microdeterminatfon of Nitrogen Qjoxide

in the Atmosphere,'’ Anal, Chem,, 26, 1954, p, 14949,



QZONE I[N ALR
{'Titriution Method}

AbRtract

Ozone is collected e Kl solutlion 2and the icdive liberatod iy titrated with sodjum thiosullate

USng stareh as an indicalor,
AMPLICATIONS AND LIMITATIONS
This method is ropid, stmple, and uses no gxpensive enquipment, The sepgitivity is

T2pendent on the veivme of ais 2ampled, The main Hinitation 18 that the liberoted lodine i very

SENRitive 19 reducing vapors O usts Fuch 8 50, or 1!25. Also 81y unpg oxidants such as bhalopens,

peroxides, oic,, wiil liberate iadine,
J‘l'l‘:‘t“:‘;'rl.lﬁ

Midget bubbler, alt gluss

LButet, d-ml capacity

Magnetic stirrer, wilth teflon-covered bar magnet

HEAGENTS

Potassiom iodide solulion (373 - Prepare fresh dally

!it:ir_-cl; incdicator Folulion - Dissolyve 1 p scleble starel tn 100 ipl of boiting

distilled watler,

[Is drochiloric acid, 1:1 in distilled water,

Potassium dirhromate (0,1 3,914 p Lidried for 2 hours oy 1in'C) I, Or 1y,
- — —— . - '

dissolve i 1 liter of water,

Suntivm thiosulphate {0_01LN) - L ssoalve 2,0 5 Na E._U3 * A Y 1 liwer af

.
dishilled warer, Stapdardize against K, Cr 010 by the followuy meheoan,
- ]

Dirsolve 3 p KT and 4 g XaHCO | in 300 el M0 add 82wy 31 HC] unhi oo

3
mare CO, is pelvased, then add 10 m) execss bd BCY, Add 27 m] L1 N h,,l'r':;“.'
and mix thorgughls, Add stirmng bar and ploee on mignene sherer,. ot
stirrig, titrate with thiosulfate 1o a hpht straw selion, Add 1 ml starck
vaheatay and titrate until e blue = ceplacea with U pale green color of

l:‘rCIJ_ From the volwne of thoselfate used, calewdate Uy normality,

o

= .
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ANALYFICAL PRHOCEDURE

1.

Collect samiples in 10 ml fresitly prepared KL,

Transfer collecting solution to 4n Erlenmeyer flask, add teflon

stirring bar, and place an magnelie stirrer,
Add 1 mi1:1 HC] apd 1 ml starch indicator,

Titrate with stapdurd thiosulfate to the colerless end point,

CALCULATION

1 ml 0.01X Xa 5 ‘Gﬂ = 0,24 mig oZone

Beferencoe

Byers, U 1L, and Saltzman, B, 12, "Determinotlos of Ozone in Ajr by

Nuewlral and Alkaline Potass iwm lodide Procedures,” Amer, hod, |1B-

Assuc, J,, 140, 1958 p, 251,

-—r



Q2ZONE |Ix AR

(Calarimetric pMetl:ad)

;1!.}5[1“:”:1

Air s drawn liros . a midgel impicger cantaining 10 mi of meputral potagsivm iodide

solution, The gzone liberat < lodipne whiely is determined colorimetrically at 332 am.

APPLICATIONS AND LIAL  v110OKS

Tihe analylical ran, - extends [rom 0,01 3*PX3 tp 10 PPM, The metheon & simple and
rapid, Main interfercnces sive redueing cempounds such ns sullur dioxide and bydrogen sulfide,
Some oxidants such as halogs @ nd bydrogen peroxide wil alse interfere. The sensitivity of

the method is dependent o e volume of alr sampled, asd e analysie must be completed within

1l hour alter sampling.
APVPARATUS

Bl pel o nninper, | glass

Spectruphnpliomety

Assnried laborat plagswnre

REAGERKTS

Ausarbing reagen' - Dir lve 13,61 g af potagsivm dibydrogen phosphate, 14,2 g of

anhydrous disadi: n hydeagen phosphale and 10 g of polassium lodide in that order

in § 1ter of disti' «d water, Store ln brgwn bottle in a refrigerator, Make monthiy,

lodine stock solu on {0.0250M i)} - Dissolve successlvely 16 g of KI and 3,1730 g of

fodine in exacely 0 mil gistilled wacer, Standardize with 0,108 gedlum thiasullate,

lodine working 4. ution (0, 0012501 12] - Pipel 5 ml of 5tock golution into a 100-m]

volumetric flask nd dilute te the mmark with the absorbing reageont,

ANALYTICAL PROCLEDU I

l. Pipet 10 01 absarbing reagent into the mildgel impinger.
2 After rece sing samples, aicisufye volume and o asler Lo cscan cuvelle,
Da notl dilv - with rinse watere!

1, Doetermine  be absarbance at 453 nmy using distdled water as the reference,

Also determine the absorbanee af a fvagemt blank,



Ak

1, Huan a serpes of stundarde through steps 2 and £ by pepething 8,2, 0,4-, OG-,
and &8 -m) portions of the working solution (0,1, 0.2, 0,4 gl ¥.4 amoles
.,/ 10 il ol absorbing reagent) in separate 13-l volumetric Masks and

ilute to the mark wlih absorbing reapgent, Mix well and reaed thie absortsancee

of cach at 132 .

o, 1"lot absorbances {after subtracting absorbance of reapers blank) versuas

molar concenlration i gmoles/ 10 ml,

CACULATIONS

Since 1 ol of ozone liberates 1 poole of icdine, one can read direetly from 1the cals-
Dratice) curve wmoles of ozone if the 1ol sample volume ts 10 ], i the soimple
was dituted prioe to apalysis, the proper dilution fuctor must be incloded Lo the

calculatian,

amoles ozone x 24,45

11’ czone =
volume of a'r sampled in liters at §TY?

Reference

1. "Tentative Methods for the dpalyvkix of Oxidizing Substances in the
Atmosphere,” American Public Health Assoclation, Washingion, D.C.,

44101 -02-707T, 1572,
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SULICY N AR

Aksiparct

Sumples are digested an phesphoric acld to remeve sStlicates, dissalved in by degfueoric
e i, and silich content i determined eolor imetrically as silicomolyinlate (420 nm) or ax

molybdenur blue {820 ninh
APPLICATIONS AND LIMITATIONS

Concetiteations from S ug fo 1H0 pg can be detected in the inolybdoenun -bloe range apd
Irom 0.1 mg to 2.5 mg In the Sillcomplybddate rapge. Sullides, phosphate, and large amoynts ef

iron inlerlere ond cayse low results.
AMTFARATLS

I"bi{llips beakers, 250 ml

frunnel, 50-mm, with stein beol at {5 degrees

Vryegision heatey, 530-waty, mounicd on rotaling table

Crucible tongs, padded with rubber

Constant =temperature water bath

Masiic buret, 25 ml

Polvethylene beakers, 123 m)

Pelycthylene pipette, calibrated, 1 m]

Plastic stirrving rosds

I*alyethyvlene, thin sheet

Spectropliolomeler
REAGENTS

Hydrofluorie acid (487}

Phosphorie acid (B35)

Hydrochloric acig, 1:10

Boric acid saluuon (5% - Dissolve 200 ¢ of boric acid crastals an 4 liters of

Vanyaagea waler, Filier thraugh a4 045 micron meqrmsbrane ter, Store g o

predyochvlene conlaindtr,



Tl

Molvbdate reapent - Dissolve 50 grams of anwoonjum molybdate tetrabydrats;

i aboutl 404 ml of water, acididy wilh 20 11 of concentrated swioric acnl, coul,

anet dijule o 500 ml, Slore in the ttark,

Sulfuric aeid (10N] - 555 nyl of concentrated sulfuric acid 1% added cauticusiy to
a2l

1.3 Liers of water and diluted 1o 2 liters when coel,
Heducing solution
a. 0 g of sodium bisvlfite dissolved in B0 ml of water,
. 0.7 g of anhydrous scdium sulfite, plus 0.15 g of 1 -amino,

Z-naphthpl, 4+sullonic acid dissolved, in thot order, in
1D il af water, Solutipns & and b are combined opd diluted

Il 100 mi, Store in refrigerator, Hemaxe every maenth,

iock silica solution - 250 mg of {inel: ground, acid-washed guartz 1s dissolvedl

in 10 ml of AB% hydroflupric acid and ddlumed with water to 300 mL
{Lml = 0,5 g SE'DE'J. Sitore la polyeithylene contaner,

Waorklng sllica solulion (20 ug Slﬂ,}fmﬂ = O{lute 4-ml stoek solution to 100 ml

witly distilled water,

ANALYTICAL ¢MOCEDURE

1. P'relicat heater, voltage set at 73 valts, [or 45 minutes,

2 A 200-mesh weighed sample containing no more than 2.5 mg 510,, or

a filter on which airberoe particuiales have been eollecied is placed
into a Phillips Lbeaker.

3. 5 ml of nitric acid and 2 ml HC ID-I are added and the sample heated tg
absence of brown funies and aear dryness, The proccss js repeated uptll

a while residue remains, & Llank should be carried through all steps of

the analysis, 1 a bulk sample is used, only the nitrie acid is used as g
blant,

4, Awd 25 ml 855 phosphoric acid, ptace bent funnel in beaker, place on
htater, and start rolalor.

3, From the time the sample boils, time Jor 12 mowties, After each minple
of heating, swirl beaker by grasping it with padded coacible tongs to
prevent superheating,

6. At the end of 12 minues, remove beaker and swirl for 1 minute 1o dissolve

any pelatinous silica from swdes of beaker, Lel €00l Yo rogm lemperature

wh cool surface.



=)

10,

11,

14,

14,

16,

When caol, remove funpet cautiously and wosh down Leaker with
145 md hot 160-70°CY distilled water, Swirl viporonsly to hsgolve

all the syrupy phosphorie acid

Fiiler the sampie with siction through a 47 -nun menibrace [(ter

(0,45 u). Wash thoroughly with 1:10 HC1,

I“lape the filter cises Nat in the bollom of & 130-m] palyethylene
beaker and add 0.5 ml of 487 hydrofluoric acid with a calibrated
nolyethylene pipette, Prevent evaporaticn of the hiydrofluoric acid
Ly floating a thin polyethylene dise, slightly larger than the filter,
upon the acid and allow {t to stand for 30 minutes To dissolve (he

silicvous componunis,

Withowt removing fllter or polyethylene dise, wgd 25 wl of watler

and 30 ml of 355 beric acid solution,

Stir with a plastic rod and place the beudker In 4 gonstint Lemperature
water bath contrelled w1 480°C (o 50°C, Lel stand for 10 minutes, by
which time the exeese hydrofluoric acid will bave beoen tnaeiivaled by
the borie acid and the golytion temperature will izve risen to J3°C ar
30°C,

Add 4 ml el ammenivn: mielybdate reigent while stirviog, and Jet
stagid 20 minutes al 357C to J0°C for develapment of the yelow

silicomalyldate color,

Rewove the beaker [Fom the water bath and Jdesiroy phosphomolybedate
by adding 20 ml to 10N sulluric acid rapidly whije stirring. IJ a
praounced yellow caloring remains, pour inta a photonieter cell and

rea t immediately al 330 am,

1F 1the vellow tolor i5 barvly pereopiable, 2dd 1) of redueing solution,
4 1o 5 minutes after addition of the sulluric acid, and stir, Alter 20

minues, road the blue colar at 820 nm.,

A calibration curve In the silicomolybdate color ange (8 made by dilutl e
1-, J-, a-, ad 7-mnl] Rdiquors of the D.3-mplml) slock standarid Yu 25 m) In
pyulvethivlene beakers and proceediag as an step 10, Absorbince ve= s
mpg 510, is ploticd,

A ralibrafion curve o the molybdenum -blve rang e 15 mmade by Jijuling

1-, 3-. 3-, and 6-m] aliquols of the 20-pgfinl workirg standard to 25 ml
1t poircihylene bearvers and procteding as o sep 10, Abs urbance

versus pp 53i0, is plotted,

+l



CALCULAYTIONS

Milligrams or micrograms of 2{0, per sample is read from the apprepriate

calibpation curve,

mg 51‘01 in sample

mp 510, fgram of sample

i

sample wt ip prams

"
f SiUE mg S‘IUE x 0.1

¢ of sample

or
pg 810, fgram of sample B} #5 Siﬂﬂ In sample
samplce wt "n grams
% SIO, : ngSi0, x 0.0001
gram of sample
mg Eiﬂq;m:i ] ug Si0, frurlcnhhrminn curve
vel, of nir sampled in liters at STT
Reference
1, Talvitie, N, A., and Hyslop, Frapnces, 'Colorimetric Determination of

Siliceous Aunospheric Contaminant,” Al1lA Journal, 14, 1954,




S51LICA IN PUOLK 3AWMMPLES

Austract

Silicates are dissolyved in phosphoric weid, QQuartz i€ separated by [tration and deler-

mined by volatilization with HF,
APPARATUS

Furnace, copable of reaching 1000°C

Phillips beaker, €30 mi

Funnel, 30 nun wlth stem bent at 15 degrees

Precision healer, 530-walt, mounted an rotating table

Crucible wonps, with rubber 1ubing sleeves

Funpvl, T0 mim long sftem

Funnel rack

Graduatesd eviinder, 23 mi and 100 nil

Graduaivd cxlinder, 19 ml plastic

Platinun: crucible, 25 ml

Cruc:hle tongs, platinum-iipped

Sarc bath

—_—

Filter paper, 11 cm Whalman o, A2

Filler paper pulp

REAGENTS

Phostdioric acid, cone, (B2% ”3“%‘

Fluorboric acid

Sulfuric arig, 11 dilnion

Hydrofluoric acid (447 HF)

Hydralluoric acid, 1:9

Salica siandard - Vurificd and finely deound sea sand,

an 6,

-
o

FHy e usaed,

‘4
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ABALYTICAL PROUEDUHRE

1, I'reheat peatep, vellape el at 73 volts, fur 45 mlnutes,
a Weigh twa 0,5-g, 200-mesh samples into Phillips beakers,

3 Add 25 m)] 85% phospharic acid, place bent funnel in beaker, and

place vn heater, Start rotator.

1, I'rom the time the samples boll, time for 12 minutes, Aher cach

mipute of heiwipg, swirl beaker Ly hand to prevent superbeating,

a, At the +nd of V2 mitnutes, remove beaker and swirl far 1 mbwates
1o dissalve any pelatinoud silica [com sides of beaker, Lol coul
10 rooin temperature oh ooul syrfrce,. Nemoved funnel cauticusly,

s, When cool, wash down beaker with 125 ml ho {GO-50°C} Jistillea
wateF, Swirl vigorpusly 1o dissolve all thae Sy rupy phosphoric acid,

T. Wush down upper beaker with 10 ml [uobeoric aciil {use plastic
graduite, Swirl 10 mix,

K, Wash down Leaker with 25 ml hot water,

0, Filter through Whatman No. 42 pager which contains a small
oottt pf filter pualp,

9, Tronsley sumple quantitatively 1o the filter with distilled water,

11, Wash 10 tisues with hoe 1:9 HC) [oliowed by two washes ouih waler,

12, Transfer paper « residoe to a tared platinum crucible. DOry, then
Lgnite at jow heat to char paper, then heat for 20 annutes to 950°C,

13, Cool erycible, dessicate, and weiph, This weigll is the phosphoric acid

riss .

—
-

14, Moiwsten residue with 101 H"Sﬂ-i' then add 5 ml 287 HF. tHeal gently

on « Sy Lath to dissolve the quartz,
L3, Increase heat to volatidize 1he acids,

0, Repeat (e addition of Il':lSD_I and HF to vnsure complete volatilization

af the =11 4,

15. 1gnite ot 430°C for a few minules, cool, Jessicate, and weipght, This

ruesidue 1s the HF acid resido,




CALCULATION

Wt sample = _ a

WL crueib]p + HEPG.; residuoe = 'y

T

Wt cruecible

We, H_°0 residue = o g (i)
3 4
W1 grucible + HF residue = 44
Wt cruible = g
W1 HF residue = N g (B)
A« 100 = Te H?FD_: residue (C)
Wi sample T
B x 144d = = [IF roswdace (D)

Wt sample

* froe silica

C -D

Heference
1. Talvitie, N. A,, "Determination of Quartz in Prescnce of Silicates Using
1131104,” Anal, Chem,, 23, 1551, p. 623,
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SLLFLR DIOXIDE 1x AIR
f SAbhetract

Sulfur dioxide is abgorbed from the air in & solution of pplassiun telrachloremereurats:
{'TCAL,. The cumplex which is foi'med 18 reacted witn pararesaniline and lormaldeliyde and deter-

mincd ceolorimetrically at 348 nm.

APRPPLICATIONS ARKD LEINMITATIONS

This method 15 sensitive, reproducivble, arng selective, The lower linnt gf deteciion is
0.01 PI*M [:.Eﬁub"r:::j} of 50, In a 30-liter air sample. Thae analvtical range is 0.2 te 35 pg in 25 &1
of fica: selutice, The interferences con Le pliminatied car iy, Dxides of nitrogen arv destroyed Dy
wdding sullamic acid, Ozone is destreyed by allowing a time lapse of 2¢ Lo 30 minules {rom sampling

lo start of analysis, Heavy metals are complesed by the addillon of EDTA, CAUTION: The 'I'CM

reapenl is very polsontus, 50 use care &t 31l imes.

ATPARATUS

High-efficiency bubller, all glass wrapperd with aluminom foil

Spectrophotometer

Ansoried laboratory plossware

REAGLENTS

Abseorbing reagem 0,040 potassium tetrachlorome. curate (TCM) - Dissolve 10,806 g of

wwpreuric elhlloride 5,96 p potassiven chloride, and N1 p othylene diam inetetraacetic acld
dispdiwy <a)y {EDTA) in 100D ) of distilied woter. Keep in dark cow) place; dises rd

i precipitate s formed,

R 1t B TR L P b

*ullamie acid {M67) - Digsalve 0.6 ¢ =alfamic seie

[ N oy A [Li._‘n:-_
Hydeoohlorie acid (INF - ilute 46 ml uf cone, HOT ta § Lk # with dissilled water,

Phosphorie acid {3311 - Diture 4N mi of conc, “-;P“.; 10 ) 1iter w Tthodrstidied water.

Slock uurdrnﬁuniii:_:i: {027 - Nigsplye D2 ot dve i 100 m) of 1X1 HCL,

—_— ey, . - ———

Pararosaniline reagent - To a 250-m) vo., Mask, 3gd 20 m] of steck parsrosanithne

—_——— — —_— e —

and 2> =} of 3M II.{]"‘U'_I, and dilole o velume with Hretilleg auu e
Furmnaldennde (0,27) - DIl 3oal of N7 jermaldebade 1o Y Ier woh S5iied aarer,

—_—— — -

Prephre vanly,

g,


http://wi.lt
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al

Stuek iedine xglation {0.ANT - Dissolve 12,7 picdire amd 40 g BT 3o 35 o water,

—_——

When dissolved, Jdilute to [ iver with Jduistilled waler,

Working iodinge -glution (0.01X}) - Eilute 30 m1 ef stocy jcdine sulvtion te 500 mil

will: distdled w er,

Stanbarg 0,015 cmivm Wsicsullate - See ozune procedure {for preparing this

R —
—— — —

Sstandard

Frmcied salfite solution [ = 330 uglind E-‘;JE.'I - ussplve D, g of sadiun: sulfite

H%'u,,f':-ﬂ,ii or 0. g of sopivm metabisplline {:'i::_,s__,ﬂi.'l in 0D el of distilled water.

The aglpal con. niration is foond by baek titralon Ly the Jollowing:

1.

2.

Pipper 25 - [ of distidled water mlo 300-m] conical MMasx [abeled B,

Pipet 25 ¢ 1 of stan:lurd sulfite solvtion inle a 500-m1 conica] flask

labeled A,

Pipet 50 v of DLDIN jodine solution to (asks A and B, Slopper the

Nasks and silow 1o reaet oy 3 miyales,

Tiipate esceh with staondurd 001N thiloxualfale sulation Lo i pale yellow
cofor. Add c md gtarch seddtion adte cavcdnwe Q2iratbng witil the (Hs -

Appearante of the blue color,

Calewvlate th: coreeviration ol 5O, by the following

Mo {ugfml) = *-:—ar-—-

A = ml of thi. sulfate solution required for titration of Lhwe sampgle,

- ml aof thic-ulfate salution required fac tlitratioy of the blang,

£ O

normalics of the dhifasullste solutian

K = milliequivalent weight far 3G, = 520140

V = ml of samy - taken

Working salfite salutien - Pipet 2 ml of the standard sulilte colution into &

100-~mt] volumetriec Ta: -~ and Jiluyte 16 the mwark wilh $,0408 TCM, 1Tiis zeolutian

is stable for 1 month i Lhe refrigeravar,

ANALYTICAL PROCEDURE

e

Adiy 50 ml absorbin  reapent to high-efficwney bubbler, Callect

hetween 4 and 5 lite s of aie,

Transfer a 10-md al quot of the sample 02 25-mil griduated eaclinder

and wigt 20 minutes ofter sampling to datlue the gfone 1o decanmipase,



IPropare R reageed Dlank al thiis point Gy addoig {0 M af unexposed

abxarbing reagent to a 25-ml graduated cylinder,

To each Mesk, add 1 ml of 0,0% sullivmie acid and allow to react for

10 muinutes 1o destroy the nitrite from oxides ol nitrogen,

Add 2wl of the 0.2% formaldehyde, then 5 ml of pararesaniline reagent,

Diluie 1o volume with distilled water,

After 30 minutes, determine the absorbances of the samptes, and blank
at 518 am. Use water as the reference, Ringe cuvette after reading to

nrevent a film from forming,

Prepire a calibratian curve by pipettlng 0, 1, 2, 4, and 6 mi of the working
sullite solution inte 25-ml graduated cylinders and adding sulficient 0,04

TCM to cach to bring the volume 1o 10 ml, Proceed as in step 4.

Plot pp 50, ageinst the absorbanec of the standards. Draw o straight
line through the origin giving the best fit, and determine e Siope K

whicly {5 ppfabserbance unit,

CALCULATIONS

{A-ir ﬂ] 0,482 K
y

EDE PPAl =

-
T

somple 2hsorbkance

A :  reagent blank absorbance

=
r
B
=
I}
1]

volume {ul}of 1 yg al HDE at ST?

e
n

slope, 4g absarbance unit

sample volume in 1'ers corrected (o 5717

-
n

592 mg,"md :  Rp SD,‘E.-" liters of air sampled a1 5P
= A - ) K
0

v

Neferenoes

Sulfur Disvide Contert of the Atarusphery, ASTM Standard D204, 147}

Scaringell, F. G, Saltzmaz, B, E, and Prey, 5. A0 "'Spectrophotomeiric

Determmation of Atmospheric Sulfur ho<ide,” Anal Clen,, Vol 30,

Nao 14, 1U6S, e 1700
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TRICITLOKROACETIC ACID IN URINE

Abstract

Curisin chlorinated kycrocarbons, aldehydes, and aeids undbreo the Fujivara pyridine-
alkali reaction which produces g charaeteristie plnk ¢olor, [Esiimation of exposures to triehloro-
cethivlene by urine analysis 18 cacried out by development of o pyridiog-potassium hydroxide plus
trichioroacetic acid complex in agn aliquot of raw urine, Tht ecomplex eoncentration is measured
at 5330-nm wavelength, Quantitics greater than 35 mgfliter of trichleroacetie acid in the urine

indicate an exposure to trichlorpeihylene,
APPARATLUS

Assorted lJaboratory glassware

aspactropiiotometer

REAGLENTS

3.3\ potassium hydroxide - Dissolve 185 g KOI in 1 liter of distildled waler,

Pypridine
Taluene

Trichlorcacetic acld Stopk salulion - Disselve 1,0 g TCA in ) liter of distillec

water, Standardize by iltration with standard alkalil.

Trichlorcacetic acid standard - Dilute 5 ml TCA stock solution to 100 mi with

distilled water {1 m! 30 gg TCA),

ANALYTICAL PROCEDURE

I. Mix 1 ml toluene, 5 ml 3.3M KO, and 10 ml] pyruline ip a 40-ml centpifupe

Tubae
2. Add 1T m)] urine and place in a boiling - woter bath for 3 minmes,
3. Coal immediately jn an ice-water Lath,
d. Treat a blunk andd standards of 10, 25, and 530 ug TCA in the same manner

L, 1 m] standard « 3 ml 3,30 KO3+ 10 ml pyradine,

5

D Bemore the tubes from the ioe Lath awlwn conld, aod ppetl 3 ad organdic

phase wito & 30 1l Leaker contalmng £ ml distbled water, AMix well,

G, Weasure the absorbanee of the Blark, stamdards, amt sqmipdes ot 20 en

wiilan 10 mimnuivs ! Hinal sasng.



ko

CalLClLATION

I'lot pg TCA veorsues absorbance of standards, Nead sample concontritticn

framn: this &tandard cuarve,

mp TCA/liter urine = pg TCA i 1-m1 urine aliquot

Referenccs

L. Flkins, H, B,, The vhemistry of Industriil Toxicolopy, J. Wiley & Sons,
Ine., Bow Yark, 1959,

2, Scta, T, A. and Schultz, M.O,, "Determination of Trichloroethylene,
Trielloroacetie Acid, and Trichloroethanol in Urlne," Anal, Chem., 28,

1856, p, 1625,




SECTION B

GENERAL RADICCHEMICAL PHOCEDDRLES

A number of chemical procedures are used by Sandia Laboratories Epvironmental dealth
Laboratory for the analysis of radipactive materials, Sandia Laboraterics nas mainiained an
environmental monitpring program (soil, water, and vegetaticn) singe 1938, This program Z2eler-
mines whether there 1s ipcreased radiation expoesure o the gencral public and o what magnitude,

A number of rewtine measurcments are made for greoss bela activity and plutonivir,

Parsonnel wacking with radioactive materlala such as plutanium, uranjum, tritium, ete,,
are routinely sampled in the bioassay pragram, Oicassay is the analysis of body [Nuids or wastes
to detect possible exposure to radicactive materiale, This is valuable when exzposure has been due

to radioisctopes thei do not emit penetrating pamma radlation, {Whole body counters are used when

high gamma radiation is emitled.)

Other reutine programs consist of tritivm swipes and gross alpha, betn, and gamma

counting of swipes and pir {illers for surface contimination,

[1-44



ACTINIDES I URINE AND WATER

Abstract

- . . . . 241 3130 231
some of the actinides that may be determined by this method are Am, Th, Po,

24, 237 2314 R . e . . .
HU, [Hp, 3 Fu, and EHEm. Urine is ashed using nitric acid and hydrogen peraxide, The
ush is dissolved in hydrochloric acid ond the actinides electraplated {rom an ammanium chlaeide

plus hydroechloric acid electrolyte., The isotope is identified apd quantitated by alpha spectrometry.

APPARATUS

Electrgnlating device {see Fijure 2}

Eiivcrﬂil dises, 0,005 ineh thick

Jatinum wire, elecirode, 0,09 inch diameter, 10% rhodium

Figure 2, Electroplating Device

REAGERNTS

Hvdrochloric acid, conc. 1367 1IC1)

Hydreehiloric acid, 2N - Add 167 m)] conc, HCT to waler om) dilute to 1 hater,

Metind red indicator Solatios

Ammonivm hvdeoxide, conc. (307




t i

ANALYTICAL 'OCEDURE FOR UTUNE

1.-.

1
n

Ash 100 m] urine with 20 ml pitrie 2eid apg 6 m] 305 110D, Add

additional nitrie acid until a white ash o5 gblaineed,

Cool and dissolve ash in 5 mit 2N HC1,; heat to dissclve il necessary,
Also prepare 4 blank {or electrodepogition at this step by adding 5 ml

of 2N HC1 to a 100-ml beaker.

Add 2 drops of methyl red Indicator and noutralize with ammoeniom

hydroxide,

Just acidlfy wilh 2N HC1 and wransafer to glectrolysis ccll with alstilled

waler,
Electroplate at § valts amd 1080 m2x for 60 minules,

[tun alpha spectru on standards and samiples,

ANALYTICAL PROCEDURE FOR WATER

Measure 100 myl of woter into a 400-ml beaker and add 5 ml of cone. IIHDB.
Evaporuate just tu deynese DO NOT BAKE,

Digsolve residue in 5 ml 2N HCL and proceed as Ln step 3 under URUNE.,

Reference

Mitehell, R, F,, "Elpctrodeposition of Actinide Elements at Tracer
Concentrations, " Anal. Chem,, 32, No, 3, March 1960, p, 326,




CLSIUM-137 I[N SOIL. AND VEGETATTON

Abstract
After proparation of the sample, cesium {s quantitatively concerntrated from acidic medium
Ly use of polassivm hewacyanocobait (1) ferrate {11} (KCF), Cessium-137% is then ‘elermiced by
¥ - counting.

APPARATUS

Assorted laboratory eguipment

KCF Chromat Column - The column consists of a 6-inch-long, 3f4-inch

polyethylene deying tube that has a serrated tip on one end, The £0lumn
is filled to o height of 1 inch with o watar glurry of 50-100 mesh KCF

supporied by i glass wool plug,

RLEAGENTS

Couc, nitrle acid (13,45}

—_— am — -

& B - W e am U S A —

Potassium hexacyanocobalt (IT) ferrate {II) (50-100 mesh KCF}

SAMPLE PREPARATION

Sail

1. If the sample is not dry, heat in an oven at 80°C for 2 hours.
PPlace ~50 g in @ roller mill and mix for 30 minutes, Screen

10-20 p of the sample tbrough Ne. 10 mesh screen.

Vegelation

1. I'lace several grams of vegetation in a Waring blender and

bLlead until the sample 15 thoroughly ol apd mixed.

2. Place 4bowt 10 ¢ in a porcelain crucible and heat in 3 mulfle

furndce at $30°C uniil a white ash remains,
ARALYTICAL PRCCEDLURE
1. Wergh out 5 g of 1hwe soil ur vegetation ash and place in .

nichke] crocible, Add 10 g of Hu,,CUr iy, abd keal U o

maffic furnace a8 Y000 wntil fus1an has tanvn piace,


http://hv.il

[

Cool ind dissolve the fusion product in distiiled waser,

Acidify the sample with conc, HND:’:I and pour through 2 prepared

KCEF column,

Transfer resin material vo appropriate countlng vessel with

distilled waley, L6t 2land and remove excese WwWaler.

Camma-court for 100 minutes,

Relercence

Boni, A. L., Anal, Chem,, ap, 89, 18GE,




CESIUM-137 [N SUIL, URINE, VEGETATION, AND WATER - METHOD I

Abstract
After peaparation of the sunple, cesium is separated {voma the bulk of the sample by
carbenate scavenging and silicotungstate precipitation. Cesium is purified and caurnted as the
insoluble chloroplatinate,

APFPARATUS

Assoricd labpratory equipment

REAGENTS

Conc., hvdrochloric acid {(3C% HCI)

GM hedrothloric acid - Dilute 500 ml cone, HCL Lo 1 Mter with

tistidled waler.

Cone. nitric acid {70% HEDEI

2% nitric acid - Dilvle 125 m: conc, 1].‘~'.D3 to 1 Lep with Jistiiled

wvaler

Chlaraplavinic acld, (537 solution} - Dissolve 5 g 1, PIC1 - 6H, O in

G

1090 ml distilled water,

Silicotupgstic acid - Kssolve 116 g 510, - 12‘-.1-'03 + 26H,0 in 230 ml

distilled watcr.,
Ethancl (957 ethy] alcohnl)

_,"ﬂ sodiua: iydro., de - Disgelve 160 p NaOH in 300 nil Aioiuled water,

Sediur: carborale, saturated solution - Add Na O, 10 200 ml disulle

willer ynli! no more dissolves, Add 20 g excess,

Ceosium carrier solution - Dissolve 18.95 g CsCl in HH nil distillen

water {1 oml = 30 avp Osh

Sirontium cerricr solution - Disselve 30,5 ¢ 5rCl, » 611,010 300 » .

distilled witer {1 cul - 20 mg Srl.

&



SHEND "Heol it A TION

Sail

1, Blix 200 g seil in roller mill, S¢reen 10 g soll throuph 20-mesh

seroen inlo 400-ml braker.

2. Add 1 ml Cs, and 1 n:l Sr ¢carrvier solutions, Add 51 n:l conc.

IIED_i. Heas te near Leiding and stir 10 minutes,

3. Transier to canmtriflupe tube; contrdupe, and diseard tlhe residue,

1, 1'our superi,.oe inte original beaker and evaporate to dryness,

3. Adg 20 ml 2N Hl."~-"-'2'.l:3 and beat 1o dissolve residue, Troansfer to
¢lean cenmrifupe tube, Recp volume lers than 30 ml,

Uzine

1. I'e 1 liter urine sample in 2-liter bepker, sadd 20 ml conc, IINDH,

1 tnl 5, and 1 ml 5r carrier splutions. Evaporate 1o deyness,

2, Add 20 md .y HNDE. warm to dissolive residuc, apd transfor 1o

centrlfuge tube,

Vegetiation

1. Pulverize 100 g dried veogelation and place in large crucible,
Fire at 490°C for 1 bour until enly gray ash remalns, Weigh

2 g ash into 150-ml beaker,

2. Addl 1 ml Cx and 1wl Sy carvier solutians, and 20 vl cone, HEDH.

Ibeot to near bolling and stir 1D minutes,

3, Let cool and filter thegupgh Whatman Ne. 5¢ paper into cctrifuge

tulzp, Wash with 2N lmIlJa and keep volume less than 50 ml.

Water

Treat as for Urine above,
ANALYTICAL P"ROCEDURE

1. To sample i centrifuge tube, agd 8N NaO)) until pif of 4, Lt

Soal 1o FODim cmapern e and add oml o saaraice !‘ianﬂa

=oluliodi.,

2 Cemrafupe and poer sgperfrate 1nle flean APP-m] besher. Wazh
precipitate with S0 il koot di=Tillaed water, Frmr:_fugc, ard add
wash to beaker, Bepeatl wash, Mscard precipataly or savye for

T A e T AT 10,



3. Slowiy add 10 ml canc, HC1 to beaker, Heat to bhoiling for several
minutes and add 2 ml silicotung-tic aeid solution, Heat and stir
until Cs silicontungstate precipitates, Transfer to centrilupe tube

and thill in ice bath,
1. Let stand 15 minutes. Centrifuge, and discurd the superiate,

Wash precipiiate with 10 ml GN HC}, centrifuge, and discard wash,

]

Repeim wash if salls are excessive,

6. Dissolve precipitate in 3 ml 8N NaOH, Add 20 ml 6N HC1; centriluge,

ind digeard the yellow precipitate,

=

Ayl 2
. U 2l ]!2

and filter precipitate onto o weighed filter dise. Wasl with 5 ml

F‘:EJE solmion apd heit ob boiling water bath, Let cool

BN LTI, 5 ml distilied water, and 5 mi echanai,

g, Dry Eilter 20 minutes at 110°C, Let cool, a4 weigh and mount for
couwiting.
CALCULATION

nel cpm _
(recovery)delector efficiency) {g or liter sampled

137 .
dpm Cs{p, or per liter =


file://-/iiti

ENRICIHED URANIUM IN URINE

Albgtragt

Urakium i5 Separated {rom urine by coprecipitution with ammoniacal alkaline carth
plrosphisle precipitate, The precipitate is ashed, and tie aranium is puarlled by Solvent extruction.

The exirac) 15 evoporated onto & steel planchet for counting.

APPARATLS

(lass -sippnered graduates, 25-ml,

Vyeor crucibles, 50-inl

REAGENTS

Ceanc, hvdrochloric aeld (36% i{C1)

Conc, ammonium hydroxive, M

30% N
4011 {30% XIL)

Corg, pitric acid {70% HNG, )

Canc phosphoric: aeld (85% ll:j PDJ}

3N amn wa hydroxlde - Dilute 24 . ml ¢one, NH ,OH to 1 liter with

e 4

distilled vatel.

2N HHDE-EN Haﬂﬂg Eolution - Dissolve 170 p Hﬂl’iﬂa in 200 m] vistilled

—

watgr, add 12D ml cone, HEDJ. and dilule 1o 1 Iner with distilied woter,

0, 101 tri-n-oci¥ipiasphine oxide {TOPO) - Dissolve 122 g TOPQ in 500 ml

evciohecxane, Store In gmber glass bottle,

ARNALYTICAL PROCEDURE

l.  Tol liter uring in a 2-liler bealier, add 20 ml conc, HNUJ, 3 ml

conc. H PD-!" and weat to 85°C,

3

2-. While Hlil“ring; add conc. J.TII-ID!I until [}rt!c:i[:lililtiﬂn occurs, then

10 m} excess,

3. Continae heating and s1ivrring for 60 minutes, Cover the beakyer

and let stand overnipht,

4. Check completeness al precipitation by adding a tew drops of

ammonium hydroagde,
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De:canl, or aiphon off the supernate, being carcful not 1o disturb

the préecipitate,

Filter the precipitate onte & Whatman Ne. 50 [ilter paper. Wash
the resicue with IN NI{JUii. Transler the fUter and residoet 10 o

a0-mil Vycor erucible,

Dry tbe sample at 110 °C and ipnite to 2040°C for 3 hour until only

white ash remains, Let cool to room temperature.
f¥isgolve the residue in 5 ml cone, HC1 and evaporate gently to uryness,
Add a few drops cone, HCL and warm to dissalve the salls,

Add 10 ml 2N th‘ﬂa-EH h.':u:"-’Uu sulution and transfer 1y 3 25-ml glass-
stoppercd gradyate, Wash crugible with 1D mi niirnie solution and aGd

1o graduate. Wash with 5 ml more to complete transfor,
Add 3 ml 0,1M TOPO in ecyclohexane and extract for 2 minutes

Buemeve two Z-ml alinuots of the extracl and evaporate onto concentric ring

planchety, Flame planchets to remave all organic mater.

Count plancheis in low-backpround alpla counter, and cajeulate dis-

integraticng por minute per Hter of vrine,

CALCUOLATION

Erom count rate, sliguot, and derector efficieney, caleulatie disinlegrations per

minute jaor Hter of urine by:

. : _ ___t5)epm on planchet)
cpms per Miter = (2i(cetector efficiency)

References

Joni, A. L., "Urinalysis Metnod for Eariched Urartum," Health Ptysics,

2, 1960, p. 288,

White, J. C,, The Use of Trialkyl Phosghine Ovides as Extragtams in the

Flupronietiric Determination of Uranigm, (hk Ridge Nanonal Layoratory,

OHNL-214f, November §956.



GRUSS BETA ACTIVITY IN 50IL, URINE, VEGETATION, AND WATER

Abstracl

Urine samples are concentrated and I-I:'"':I activity separated by alkaline phosphate preceiptat -
ion, A portion is taken for low-level bota count, Foreign activities in soil and vegetation are
leacbhed from these materials with altric acld apd mounted on planchets for a low-level beta count,

Water seale is converted to the nitrate form,
AFPPARATLS

Assorted laboratory glossware

REAGENTS

Caonec. nliric acid {70%: HNDEII

Conc. phesphoric acid {85% It Pa,)

Sadiwmn hydrcxide {(40% solution) - Dissolve 40 g NaOFH in distilled water
and dilute to 100 ml with distilled water,

Sodium hyvdroxide (5% solutipn) - Dissolve 5 g NaOH in disiilied water
and dilute 10 100 ml with distillpd waler.

KN niteic acld - Dilute 300 ml corc, HI'«iJD3 to 1 liter with distilled watoer,

2N nltrle acid - Dllute 125 ml conc, HI‘-.‘.iIl:il:3 to 1 liter with distilled watep,

0.01M (0,02N} ethylene dinmine tetraacetic acid {EDTA) disodium salt- Digaplve

3.72 p reagent-grade Ko EDTA in 1 liter of distilled water and dilute to volume

2
{1 ml equivalent to 1 mp I.'_‘ilCE:I]}.

Indicalor solution - Eriochrome Black T., cammercialiy available through

Van Walcrs and Rogers, Inc., Calalog Ne, GG6140,

Buffer solution, plI 10 - Cemmerically available through Van Waters and

Ropers, Inc,, Catalog No, 66140,

ANALYTICAL PROCERURE

soil
1. [f e sample is not dry, heat in an oven at 90°C for several bours,
'lace 30-100 g in a roller mill and mix for 30 minutes, Sercen abow

10 g of the sample througl No, 10 mesh screen.



2. Weigh out ¢xurtly 1 g of the pereened soll and place in a 250-ml
beaker, Add 20 ml of BN HHDE, PPlace on o hot plate and hea

10 gentle Boding with occasional swirlinp,

3, Filter the sample through Watman Ne, 41 filter paper, Rinse W

sample with 28 HNO_, Collcet the fltrate in a S0-ml beaker,

3
4. He uce 1 volume to a few m] and tranifer the contems onto o
tared-2-inch stalnless-ateel planchet with repeated washes of

2N HHDE.

a, Calculation:

net cpm
{deteclor efficiency){counter carrection)®

dpm/g =

Urine

1, To 1000 ml of urine lo a 2-ter beaker, add 50 m! of cone, HEDB.
Heat to 80°C and stir for 30 mlautes, Add 4 ml of 85% 11,00, and

stir for 10 milnutes,

2. Add 10% NaOH until the Insoluble phosphates precipitate (pH 8 to 9),
Stir for 3¢ minutes, Allow 1o cool and settle for 30 minutes, {Check

fpr compleieness of precipitation by addinpg a few additional drops

cf 405 NaOH.)

3. \Without disturbing the precipitate, siphon off most of the liquid,

using & wiler aspirator,

4, Illter the precipitate thraugh Whatman No. 4l paper, washing the
beaker and {ilter paper with 5% NaOH. Discard the filtrate,

a, Wash the beaker and filter paper with 8N HI\.'C}E, catehing the dis-
golved precipitate in a 150-ml Erlenmeyer flask, Wash four more

times with 10 to 15-ml portions of aeid,

G. Evaporate ithe combined washings to dryness under moderaie |wat,
Add small portions of conc, HHDE. and irerease the heat until the

rosidue is 0 white ash,

Dissolve the residue in 10 nil of IN HI'~1I£‘.I3 by heallng pently, then
teansfer the ligquid to a 10-ml volumeiric flask, Alow the [lask

to coal, then dilute to volume with distllled water.

B, ipette exactly 1 ml into a tared 2-inch staipless-steel planchiet and

vvaporate the liquid to dryness, using a simall hot plate, Bela-count,

o Figures 3 and 4.
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« wycyulation:

{1000 eeunier dom]
(chem, efficiencyl(sample volome, mil

dpmfiiter =

Vegotation

i,

Place several grams of vegetation In a Waring blender and blend

until the sample Ls thoroughly cut and mixed,

FPlace about 10 g in 3 poreelain crucilble and heat in 2 mudf]e

furrace at 450°C umil a white ash remains,

Cep! and measure 1 ginto a 250-ml beaker; eonlinue as in step 2

vpder "Soil."”

Calculation:

nél cpm

dpmfgash = o efficlencyHcounter correctionXweight of ssh)

Water [Disspclved Splids)

1.

Determine haroiess of the water sample v Litraling o 50-.:1 aligquot with

EDT: as {follows:

a, T a 50-ml aliguel in a 250-m] beaker, add 3 crops indicator,
10 drops buffer, and swirl to mix, The selulion gheuld be

wine -red,

b, Titrate to & deep hlue end-peint, without the sliphtest trace af
purple, Inm a 53-ml aliquot, 1 ml titrant = 20 mgfliter or 20 PI'M

hardniess as CaCDE.

Calculate aliquol tg be used in pross bela determinatign, The final
3

deposil an the planchet shauld be 4-7 mgfem™, or 80-140 mg [or a

2-inch-diameter planchet,

. {11030} x 1400
1 'y - \. =
m1l aliquot for ¥ inch-diameter planchet FPM x =

Prepare all planchets beforchand,
q, Wipe the outer rim with a light filin of siliconc stopcock

grcase to prevent creep of the scale during evapgration,

k. Weigh to the nearest 0,1 mg,

ERince the depasit is in mitrate fopm and 2] gisspleed solids widl appear on the planchet,
the empirical factor 2 will convert conventional hardnvss figures 1o aitrate depasit,

[{:



1. Filter all saumple aliquots through @ memburane hydrosol-typt

fiiter of 0,453-mieran pore silze,

NOTE: All samples shoul¢ be shaken thoroughly, - proper zliquot filtercd,

and the filter paper saved for gross beta counting of total suspended 50lids,

3, Trangfer the calculated filtered aliquot to 2 proper beaker, add

2 ml eonc. HHGB. and boil.

a, If the original aliqupt is 200 ml or less, boil down Lo a
few ml, transfer quantitatlvely inio the planchet, and

cvaporate ta dryness.

b, If the arlplnal allguot is greater tacn 200 ml, boll down
to a tenth the original volume and transfer to 2 smaller
boaker. When voiume is below 20 ml, transfer by portions

to Ltk prepared 2-inch planeet.
G, Evaparate to complete dryness,
1. Reweigh tha planchets and beta-eount,

a. Calculation:

{1000 counter dpns}
{(abserption correction){sample volume, ml}

dpmif1 =

Water (Suspended Solide}

1, Transfer the membrane filter containing the suspended sollds

direcily 1o a welphed planchel.

I

L.ay filter solids gide dowy into the plancket proviously wetted with

a few drops of acetone, {olding the fllter into guarters, if nccessary,

to make it fit. Then add alboui 1 ml Acetene to the planchet, thorcughly
welling the filter, and lel siand until the Hlier is substantially disselyed.

3. Burn off the acetane and [lame the residue briefly,
4, Let enol, welgh, and bota-count,

D, Coleujation:

(1000} counter dpm])
(absorption correction}{sampic yvolume, mi}

dpm suspended 50lids/1 waters

Hefoereoce

1, Analysis of Radlonuelides in Water, Training Course Manaal, U, 5.
Department of Health, Education and Welfare, Public lHealth Service,

March 1965,

0-80



PLUTONIUM IN URIMNE AND SO,

Abstraet

Flutgnium i& coprecipitated with the alkaline earth phosphates., The precipltate is dissolved
in nitric aeid and the plutonivm i Beparated by ion exchange. The separaled plutonium is electro-

deposited an stainteas aleel and the alpha activity determined by Spectrometry,

AFPPARATUS

Dowex 1 x 2 lon exchange resin - $8-100 mesh in the nitrate form {see Naole 1)

Sea sand, acid-washed (see Note 2}

lon exchange eolumng, 250-mm eolumn, 1253-m1 reservolr, Kontes #K-4225

Electrodeposition apparatus {see Note 3)

Mognetic stirrer-hot plate

Beakers, 3 liter, pyréex

REAGENTS

Nitric acid, HNUE. coneentrated (15, 4N}

Nitric acid {7.2N HHDE} - Add equal volume ¢onc, HT'~:C'.I:3 to distilled water

Phosphoric aeld, {4 SPD 4 Y. concentrated, Bo7a

Hydrr ‘e acid {HC1), cencentrated, 11,6

Hydreochloric ocid (8K} - Add 667 mi cong, HC1 to 333 ml distilled HED'

Hydrochloric agid {2N} - Add 172 il cone, HCL tn 828 ml distliled HED'

Aejd wash solution (AN HCL + 9, 3N H'l"nTl'-:'.'3 - Add §30 ml cone, HC1 + 20 ml

congc, HHE’JE to 290 ml distuled HBD'

Eluting Acio {0.36N HC1 +0.01K IIF) - Add 3) m! cone, HOCY + 2.2 ™1 conc.
HF to 968 ml distilled Hzﬂ.

Polassium hyv:lroxide (BN) - Dissolve 448 gm KOH in 1000 ml distiled H, O,

i*otassiunt hydroxide {(?N) - Dissolve 112 gm KOH in 1000 ml distilled 1,0,

5::-:_!11.1:11 axychlaoride (5% NoOC1)

Indivator salution (1.01% phenolphthalein in 507 ethanpl in water)

Ammonium hydroxide, concoatrated {28% .‘Hi',ji

b |
Pluionium Spilke solution, -3ﬁl‘u in 0.002 N H:'*-"D]. ~6.5 dpmiml




ANALYTICAL PROCEDURE FOR UHRINE

Combine entire 24-hour urine gpecimen {record volume) in 3-liter bealer,

medsure gpecific gravity + 100 y spike of 2:‘i'ﬁrP'u,

2, Add 50 ml H:"‘."D,s + 5 ml F.IEPD1 pex liter of urine,
3, Heat wilh stirring to BO°C.

Precipitate phasphates with concentrated ammonium hydroxide; be sure

of complete precipitation,
5. Continue stirring for an additional 30 minutes at ¢0°C,
&, Caal and let 5it overnight cavered,
1, Siphon to a very small volume,

B,  Dissclve precipitate in 50 ml 7,28 HXO,, heat to 80°C, cool and proceed

3!
with {on exchange procedurc.

ANALYTICAL PROCEDURE FOR S0OIL BY ACID LEACHING

1. Add 100 ¢ of soll azd a Splke of Pu-236 tracer {5 to 10 DPM) lo b 1-liter beaker.

2. Add cautioudly 300 ml of cune, HHDS. The soll will feam, When reaction stops,
add 100 ml cone. HCL and et on 2 tnagm:tie stirrer-hot plate at 80°C for 1 hour,

Caal and allow mixture to scttle,

3, Filter through & glass fiber fiiter to a 1-Hter beaker. Wash residuc in flter
with L:1 Hﬂﬁa. SAVE FILTRATE,

q, Return residue and filter to the original 1-liter beaker, add 300 m) cone,

ma and 100 ml cone. HC1, and heat at 807°C far 1 hour. Cool and allow

mbdure to settle,

5. Filter and wagh aw n step A, Combirne filirate and discord the residuc and
fliter.
G, Concenteate sulution to about 200 ml by heating, Add conc, HHU.i from time

lo lime to destroy all organie matter,

7. If slliceows matter {5 present, dilute with 200 ml watler and fitier through
Whatman Mo, 40 filter peper, Wash the residue with 1:1 Hma. REEP
THE FILTHATE.

B. Transfer the {ilter paper and residue ta o platinum ¢rucible and ignite in
a mulfle fumace at 500°C fapr 15 to 30 minutes,

9, Cowl and add 2 m} of HF and 2 inl of HHDT Place on a sand balh and

evaporate to dryness. Repeat the addition of HF andg HHDE until the

salulion is clohr,



10,

11,

Add 4 m] of Hl'ﬁil‘:l'3 and evaporaie 1o dryness. Repeat three times,

Dissplve the salls In Hl"-l"D‘3 and filter. Add the {1ltraie to the sclution

from slep 7. Discard the fLlter.

Heat the combined filrrate and concentrate to 150 ml. Add 10 mg of s50lid

sodium niirite and heat untit the nltrite decomposes, Cool and proceed

with ion exchange procedure,

10 EXCHANGE PROCEDURE

1, Transfe: the material {ram steg 8 fgr urlne or stepr 127, seil tea
prepared Dowex column (see Note 1-4),

2, Wash beaker with two 50-m pettions of 7.2N IIHDS: ad  to column,
Discard ef[luent,

3. In the hopd, wash column with 100 ml H'I‘:l-Hl'ﬂ'D3 was o solution,
Decard effluent,

4, Eluate pluteniwm with 100 ml HC1-HF, Colleet i1  :0-ml beaker,

5, Add 10 ml cong, I*EH}E to eluzxte,

b, Evaporate just to drvness,

7. Dissclve residue in cone, HC1, evaporate to dryness, Repeat,

a. Disselve in 1 ml 8N HCL with heat,

9, Cool - 2 diops PP + 8N RKOH dropwise lo r

id, Add 5ml 2N KOH + 2 ml 3% NoOCl, Tr sfer to clectroelysis cell,
Ensert platinum anode,

11, Eleciroglate at 4.5 velts (100 mal for 5 1purs,

13, Bemouwe mell frlo not discannaet vaolta Y Wash dise in distilled water,
flame, and alpha-count,

CALCULATIONS

236
239 (v _cpm 239MDPM™" Pu}

pC1™ " "puf 23 hour sample = ( \ epm 23BNvolume)l 2,22}

ki



NOUTE §:  Preparation of ion exchange resin

a, WWash resip theroughly with distilled, demineralized water,
Decant Liquid,

b, Add egual valume 2,0N H“D;g ta resin; stir on mapgnetic stirrer

for 310 minutas, Docant acid,

C. Wash resin with distilled, demineralized watcr until essentic1ly

neutral 1o pH paper,

d. Store in a Uil slurry with disillled watey in 8 plostic sgueeze bott.c.

NOTE 1-A: Preparation of Dowex column

o, Tronsfer 250 mm of §:I resin siurry ta calurmuy; be sure stopcock

i closed. L.t settle 5 minutes,

b, Drain water 1o resin level {should be 125 mml. Top with 1 em

sea sand,
C. Immmediotely before use, pass 125 ml T.2N Hi‘*lwl.?"3 thrauph resin.
d, Da not lel ealumn go diy.

~DTE 2= Preparatisn of sea sand

a, Clean white sea sand by digestion at 100°C in 20% sodium hydroxide

and 1:3 HC1,

b. Waah acid from sand witbh disiillea wdler, Dry and store covered,

NOTE 3; IPPrepoaration of cleciralysis ecll

a. Wash glass ¢ells in hot cone, HEDE. follawed by water and distilled
water, Drain dey.

b. Assemble cell as fallows:
{1} Imto cap place a stalnlcss steel disc with mirt or finish up.
{23 Place "O" ring on disc.
{31 Thread cell oato "O" ring and tighten.
{1} Fill eeli with distiled water 19 check (o [caks,

{53} I{ no lvaks arc found, pour oul watee and add sample.

Jeference

1. Si'lkr.-r, Ww, B » A H;Iplﬂ Methnd for lktrrmirﬁhm of Plvionium in t.‘l"l.l‘.'!","

He 21 Physies 11, 963 {1965),

&4
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POLONIUM-2140 IN URINE AND WATER

Abstract

Polonium-21L0 is selectively deposited from acidliied urlne gr water ante 1 nickel disc,

The activity is determined by alpha proportional countlng,

APEATIATUS

Mechanical sticrer with glass siivelng hooks

MNickel dlsc, pur e Ni, 2,020~ x 0.873-inch diameter, with 4,125-inch hole,

0,063 inch Irom cdge.
AEAGENTS

Cong. nitric acid {70% HX ‘J}

Cone. hyvidrochloric acid (365 HC})

6N bydrochlecic aeid - Dilute 500 ml eone, HC1 ie 1 liter with distilled waler,

Trichlereelthyleny

ANALYTICAL PNOCEDURE

1, Te 100 ml urinc or water in 250-ml braker, add 20 ml 6K HC1, Heat 1o

50°C in corstani-lemperature bath,

2, Ciean ¥i disc by rinsing conseculwvely with trichlorocthyle: ~onc, HN‘EI!:EII
disi:lled water, cone, HC 1, and disiilled waler,

3. Let disc 2dr-drey, and - sure surfaces are brigha,

i Attach the Ni disc to a2 glass stirring hook and suspend in the sample

for 1 hour while stirmng,

5. Remove the disc and stivrer, and rine  wall- distilizd water, Lel disc
Air-dry,
b, Cowl the activity on both sides al the dise, using a Inw-" ackground counter.
CALCULATION

{1000Hcounl, sidr ) = coamnd, s1d¢ 2%
{mI vrune siguoti(deivelor efMeicne, !

cprfhiter o«

bt
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SODIUM-24 1IN AIR, BLOOD, URINE, AND WATER

Abstraom

Sodium-24 activity ks dotermined directly by pomma-ray speetrometry, The 2.96-mey
pamma-ray emission jg counted with a 3- x 3-Inch thallium-activated sodium jodlde erystal detector

and 4uLf channel analyzer system, Inlerfering activitles moy be separated by zine vranylacetate

precipitotion if neccEagry.
APMPARATUS

Counting vialg, 20-ml capacity, glass or plastic, with screw caps

Fllter paper, 47-mm-dlameter, Whatman Ne, 11

REAGENTS

Sequester-So], CAMCO clinical reagent No, 205

ANALYTICAL PROCEDURE

Alr Samples

1. Collect pir sample with 47T-mm Whatman No, 41 [ilter, Pluce {llier

in small plastic envelope niid seal to prevernt eentamination of insiruments,

3. Count [flter direetly with 3- x 3-inch erystal deteetor,

3. Determine the Eqﬂn activity by comparison with o known slandard,

Blood Snmplc_ﬂ_

1. Pipetté 5 ml whole blend iple counting wvial containing 2 drops
Seqquegter-3ol, Cap tightly and mix,

2, Count the sample in a 5/8- x 3-inch well-grystal, and determine the
actlvity by comparison with a standard prepared [n a solution of

gqual volume,

Urine Samples and Water Samples

Treat as blood samples, but omit addition of Sequester =501,
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CALCULATION
The newtron dose in rade is determlned from the equatton

D =(1.63 x 107HA)

whorco

v
1]

mean whole body neulron dose in rans,

and

2
42\’.1 actlvily In microcuries per ml whale blood,

A
"

Referance

i Cofteld, R E., Neutrgt Exposure Dusimeiry of Humans by ln Vivo Gemme
Measure af Na*', Oak Ridge Notfonal Laboratory, ORKL.-Y -1263,

September 14959,




STRONTIUM -%0 IN SO1L., VEGETATION, AND WATER

AbEtraet

The only importam alkaline earh figsion praducts are bariwm and strogtium, !nitial
separation fram other {lesfon producis {8 hade by attrate salt precipltation from cold, luming
nitric acid, Cualewum iE removed by washlng -with anhydrous acctene. Strontlum is separated from

Larium by precipitation of bariuwn ehremate, Strontium {5 precipitated as the oxalate fer counting,

AFPIPARATLS

Assorted Jaboratory glissware and equlpment

FEAGENTS

Fuming nitrie acid (H0% HNO,)

Conc. nlirie acid {(70% HHDE]

2N nitric aeid - Dllute 125 ml cone, HXO, to ] lter with dislilled water,

D.5N nitric aciad - Diwie 31 ml cone, HNO, 10 ) Uier with distilled water,

3

Glacia) acetic acid (99.8% NC,H, G}

GM oeetic aeld - [Xlute 345 ol glacial acetic ocid (o [ {(ter with disfilded wafer,

Conc, ammonivm hydraoxide, NH _iEI.'I:I (307, HHEJ

1IN ammanium hydraxide - Dilute 67 ml cdnc, NH40H {0 i liirr with diatldled water,

6M ammuonium acetute - Dissalve 462 ¢ HH4C2H303 In 1 hiter distlllcd water,

Hydrogen geroxtde {39 H202}

Ammanium oxalate iIHI."~I4112#:32".3'_]I

Ammonium oxalate, Adturated solutlan - Add !HH4}2E204 to 1 liter of divtilled water

uniil no mare dlssolves, Add 36 g gxcess, and store ln polyethylenc boitle,

1.5\ potagsium chramate - DHasolve 306 g H’.z't:r‘;;l‘il in 1 Hter diwilled water,

108 sodium bydroxide - Dissolve 400 g NaOtl In 1 liter distilled water,

2M Souium carbonate - Dissolve 213 g NHECDE ln 1 liter dintilled water,

Barium carrier - tN8solve 1.8 g En{r\-'ﬂalz In {97 i distilled water and dilute
to 1 liter with 4,58 III"lI’E'3 {1miz=10mg DBal,

iron carrler ~ DHusaolve 48,4 g Fcl‘.‘lj * 6H,O Iln 100 ml distilled water and dlute

1o 1 liter with + 3N HHDEI 1 ml= |0 mg Fe),

s
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Strontium ¢ arrier - Dissolve 32.4 g Er{HDE}E * 4H,0 In 100 ml distilled water
and dlute to 1 liter with 05N HHDE {1 ml = 1D mg 5rk

Acetone, anhydrous

Methyl red ndlcator Rolution

SAMPLE PREPARATION

1. Dry soll sample tharoughly at 110°C. M{x 30 minutes in roller mill,

and screea to M) -megh aize.

_I'-I-

Welgh 10 g dry, 10-mesh soll Into 1530-m] beaker. Add 2 ml Sr carrier,

2 ml Ba carrwer, and 20 ml cone, HNO,., Swirl to mix, and let stana

X
overnight,

3, Heat to 85°C and atir fur 20 minutes. Let sample cool,

. F!lter through Whatman No, 42 [Uter paper and wash with 2N H!'iﬂa '
Collect filtrate in 150-ml beaker and evaporate to dryness,

Vegeiation

1. Dry vegelation thoroughly at 110°C, Pulverize in blender untl)

thoraughly cut and mixed,
2,  lgnite In gultable Vycar crucible at 450°C untll enly gray ash remalns,

3, VWelgh 2 g ash 'nto 150-ml beaker, Add 2 ml Ba carrier, 2 ml S5r

carrier, and 20 ml copne. HHUE. Swirl tp mix, and let stand overnight.

4, ileat somple and evaporote to dreyness, Add 20 ml cone, HNI‘.::I3 and
5 ml 30% HEDE‘ ‘When foaming stops, Bvaperate to dryness,

3. Add 20 ml 2N HE"IZ'I:1 tg dlesolve reslduc und filter tbrough Whatman Na, 41
filter paper. Wash with 2N HIH'DE.
G, Colect flitrate in 150-ml becker and evoporate to doymera,

Waler

1. To 1| lter water In 2-liter beaker, add 2 m] Ba carricr and 2 ml Sp

carricr. Heat to 85°C and stir 20 minutes,

2, While siiering, add 10 ml cone, HN_IDH and 2 & {HH4}EC204 und stlr

for 20 minutes, Let pample stand overnight to cool and settle,

3, Decant the clear supernate, ond pour ihe residue lnto centrifugs tubes,

Centridvuge, and diseprd the Bupemlle,



1, Wauash with 20 ml IN HIi4DH and disrard wish,

5. Add 20 ml conc. HNO, and heat to dissolve the precipitate,

k
Transfer 10 150-ml beaker and evaparate 10 dryficas,

ARALYTICAL PROCEDURE

1, Add 10 m] 2N HHDB
lube. Add 10N NaOH wuntil alkaline, and add 25K NaECDE utitil

ta diseolve sample, and trans{or to centrifuge

precipitation is complete, ‘ntrifu; e, and discard supernate,

2 Wash the preclpitate with 30 ml kot cistilled water, cenirifuge,

and discard the vwash, k. .11 wash,

3, Disgolve the precipitate in © mi cong, l-l'l"-'ﬂ:]. Chill in an ice Sath,
and add 2% ml cold, fuming Hh'ﬂj. Let stand cald for 13 minwics,
centrifupe, and carefully discard the supernate.

4, Wash the precipitate with 20 ml cold, anhydrous acetone. Centrifuge,
and disecard wash, Repeat the wash twice,

T Disgalve the precipitate In 2 to § ] distilled water, Hepeal e

precjpitation and wash ag In steps 3 and 4 above,

G. Diesolve the precipitate in 10 ml distilled waler apd add 1 m1 Fe
carrier. Add conc, HllqﬂH by drops until the Fe fias precipilated,
Centrifuge, and pour gupernate Into ¢lean ~emrifuge tube,

7. Add 2 drops melhyl red indicator and aciddy with 2N HNO,, unti]
indicator =emains red {(pH = 3}, Add 1 ml GM HCEHEDE and 2 1ml
r N
G\ {hH_‘?CEHBDE.
B. Diute to 20 ml and heat on water bath, Add 2 ]l 1,5M H,]Crﬂq arwd

coniirue kealtine for 10 minutes,

9. Centrlfuge and deeant supernate into clean tube. Add Zmi Da carrivr,

1 m} 1,3n HE

and pour supermate into clean tube,

Crﬂ4, and digest on hol-water bath 10 miputes, Centrifuge,

10, Add 5 ml conc, NI'I{DH, 3 ml salu=nled ':H“_;}gc-; D-I' and cigest on hol-

water bath 10 printtes, Centrifuge, and discoard sopernate,

1. Slurry preeipitate with 3 ml disiilled water and filter cnto weghied

Whittmnan © 2. 42 (ilter, Wash filter with 11,0 any cthanol,

12, Dry filter at 110°C for 20 minutex, Lol cool, and worgte ad o

for couting, Let Stanst 15 days acfure counting,



Coloulotian

(1000¥epm) .
lehem. recovery)ldeiector efficiency)iml samplc}

i
DM "Psefister

CHIM _
{chem, recoveryMdetector efficiencyl(g sample?

DE*st USrfgram

Heferenco

1 Sundermun, . M., and Tawnley, C, W,, The Radipehemisioy af Bariwn, Caicium,

and Strontium, Wational AciLdemy of Stience, NAS-X5-3010, January 1960,




1 RITIUM IN URINE, WATER, AND OX SWIPES

Absiract

Liquid sciniillatieh countlag is the method af detecting radiaaetivity by means af a <olytion
of Nuors and a photomultiplier lube, The scintillation solution converts the radicactivity to hight

and the pholotybe responds by producing a charged pulse which can b€ counted.

The widest applieation of liquid scintillation counling in the Enpvircamertal Healtk Lab-
poratory is the determination of teltium Ln biological Mulds, swipes, and water, Untreated urine
and water are added directly to a gcintillation mixture, couled to 6°C, and the count rates measured
with a scintillation spectrometer, Swipes are placed directly Ln counting vials, wetted with vater,

and the scintillator fluid added before cooling and counting.
APTPARATUS

Liquid scintillation speetrgmeter, three-channel

Ceourting vials - 25 ml glags with plaglic screw cap

Assericd laboratory plossware

REAGENTS

p-dioxane, spectral grade or comnmercially available,

2, 5~ diphenyloxazole (PPD), primary scintaillator

1,4-bip-2-{i-phenyloxazolv]} -benzene{PFOPOT'), secondary scintillator

Napthalene, recoystallized {rom alechol, or commercizily avallable,

Selntillation mixture - Dissolve 4 g PPO, 0.0% g POPOP, and 100 g

raphthalene in 1 liter p-diexane, Sture in amber glass bottle, away {rom

direet lipht,

ANALYTICAL I'RUCEBURE
Adjust spectrometer for chiannels-ratio counting mode {Nuclear-Chicago operating

manual, pp. 4-24 through 41-32). See Fipure 5. Check operation by counting

reference and standard upguepcacd tritiune, Cheek settings as posted on unit.

"y
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Figure % Channels Ratlo Analyzer [elaticnship

Urine

1. Into countipg vial, pipette 1 ml urine; add 15 m! scintlllator fluid;
cap and mix thorouoghly,

2. Wipe outside of vial to rémove [lngerprints,

3. Place in freegzer and cool to 6°C befere counting,

water

Into courting vial, pipette 1 ml water, add 15 ml scinlillator Nuid, and
treat as urine.

Swipeg

1. Inta counting vial, place opened swipe (47 mm)
2. Wet swipe with 1 ml distidled wates,
3. Add 15 Ml selmoidator Duid,

4. Treat af urine.

CALCULATIONS

Sampie cpm

Subtract blank ¢pm

Correzied com

_ﬂlm
o eff

|
£
3

*Sce Figure 6



dpm

2.22 % 10" dpm

Percent Efficlanry

= pe tritium/ml

3
pe tritfum x 1[!3 r e Hlliter

=20 i | I

0 | L | -
.50 1,00 1.50 2,00
. Channel B
Ratlo Channe] A

Fipure 6, Percent Efficlency Correction Curve

References

Butler, F E., "Determination of Tritium in Water and Urine,” Aual, Them.,
33, 1961, p. 409

Langham, W H,, et al,, 'Assay of Triti *atlv  .n Body Flulds with Use
of a Liquid Scirtllation System," J. Lab, vlin, Med,, 47, 1956, p. 818,

instruction Manual, Nuclear-Chiengo Liguid Scintillation Spectrometer,
Muodel 68E0.




TOTAL URANIUM ON FALLOUT TRAYS AND IN SOIL, URINE, AND WATER

Akstract

Fused mixtures of uranium in sodlum fuoride (2% lithium [luoride) exhib:t strong
Muorescer ce lat 550 nm) in ultraviolet radiation, The [ntensity of fluoresecence is propertional to
uranium conceptrations from less than 0,031 PPM to more than 10 PPM, The ruethod ie nearly
specific for uraniurn, and sensitivities in the range of 4,0004 microgram {(+10%} per fusien button
can be obtained, Large emounts of quenching interferences are removed, and uranium purifivg,

by selvent extroction,
APPARATUS

Fluorophotgcmeter with ref?ectance attachment (see Figure 7)

Forceps with Pl 1ips

Fusion dighes, 't (see drawing, Anal, Chem,, 28, 1956, p. 1651 and Figure 8}

leat lamp, infrared

Fusign rack {sce Figure 8}

Didymium glasses

Blast burfcr, for propane and compressed air

Pcllet maker (see Figure §}

Glass-sloppered graduates, 25-ml, tall form

REAGENTS

Care, oitmic acid (70% HHDS]'
Cone. hyvdracidoric acid {364 HCl]

Cone. suluric acid {96% HEE‘D -i]'

N nitric acid - Dilute 125 ml cone. HNDE to 1 Hter with digtllled watler

lj_r:\:‘lium standard - Dissolve 2,110 ¢ UEJ.,{HDEJE . EHE'D' in liter of
2N HNDE' (1 ml=1mg UL

Fusian mixture (NaF-2% LiF} - Te 1 pount of NaF, add 9 g LiF, and mlx

in 3 rolder msill for B hours,

0.1\ tri-n-octviphosphine oxide {TOPO} - Disselve 19.2 g WOPQ in 500 ml

cyclobexine, Siore in amber glass boitle,

2N HI\‘UE ~ 2N H-]Z‘CD? salution + Dissplve 170 ¢ Hal‘-:DE i 204 ] distilled water,

—r

ade 125 ml cone, IIH‘DT ard Judoe to 1 liter with distilled warter.

o
-]



Figure 7. Fluorophotometer

Fipure 8. Fusion Back, Dishes, and Pellet Maker



SANPLE PREPARATION

Ialloul Trays

1.

Remaove cellophane collectar sheet froin fallout plate, Wad slieet up so

that sticky side is inside, 1*lace wad in 4¢0-m] beaker,
Ignite the cellpphane with a mateh and lel burn te a small ash in beal

Wel the ash wiltlh cone. II!‘.‘!:IZI3 and gyaparate tg arynees, Dissglve the
residue v minbmum of 2% i{'}iﬁ_j, viarming, i necessary, to ¢omplelt

tdissolutio..,

Transfer sample to 50-m} volumetrlc Nask with 2N HNO,, and dilute 10

volumoe with 208 HNDS.

Soil Samples

.1-

Dry the sample at 110°C ang screen Lo 10-mesh size, Mix Ui sample

iinn a roller mill lfor 30 minutes.

Weiph 10 g soil inla @ 1530- 1] beaker ond oudd 30 m) cane. HHGE. Heat

e nea e bBoiling and s3ir for 30 minuteE.

Let cool and filier through Whatman Mo, 30 {ilter paper into & 30-ml
volumetrie flask. Wagsh withh 25 HNQ,, and dilute tc 50 ml with

2N HHD‘E.

Pipewte L-wl aliquat inta 25-ml glass-stappered graduate. Add 20 nmy

N HHL’JE-E[\’ Nuﬁﬂa so'utian and 5 ml .16 TOIO,

Extract for ¥ minules, Lot phases separaie and take aliguot of TUPD

extract for apalvsis,

Vrine and Water Samples

Yreat 100-ml wrive aliguets with 1 el conc. T Water samples inas be

voncentrated &0 cvaporation with 2X H?C{]:i te a smaller voluing ansl alppoted

fur analivsis,

ANALYTICAL LPHOCLIOL B2

Ir

ipetie 0,1 mi prepared sampic into fusior Jish, sanples, standards,

and blani should Le analyzed g teiplicate,

Paoporate e alyuols 1oy aess unde T ot laowp, To TOHMY easract.,

Al D aregs g, PUSAY, et dden on fiod plines Plave Tuspess dlisies
e b | *

i - .
LRV Tl =,
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1pmite blast borne e and adiust flame 5o that a traee of preen appears in

the lame. Fire the dishes to a red heat {or 10 seconds to desiro, all

organic Niitler,

4. Fili a 250-ml beaker about half full of fusion mixture, I'ack the pellet
maker fitmly with e mixture by tumping in the beaker. Wipe the excess
from barre] «ith Kimwipes and release the pellet into the dish, Use a

0.3- to 0,4-p pellet in each dish,

a, Ileat cach digh until all the [Qux melts, Uge didymiwm glasges to wateh
the melt through the Lright flame. Move burner slowly away (rom cenler

of dish unti{ molten [{ux creeps evenfv up the sides of the disi,

G, Fuse each gample for exactly 1 minute, Let cool 15 minutes beare

measuring fluorescence, Make readings within 1 hour of fusion time,

Letl photometer warm up for 15 minutes, IMace fused standard (0.1 pg U)

into the slide recess and move into reading position,

8, Set sensltivity 1o 5, while depressing 0,1 scale kay, and adjust until
microummeter deflects 1o aboul midseale, Use the scale that je

cqual to ampunt of U in standard: 0,01 scale key lfor 0,01 pp U,

0, Adjust meter to full-seale deflection with the fine voltiape contrel,
Depress zera key and adjusi meter to zero with zero kneb.  Slide
empty recess into reading position. Depress 0,1 gcale key and
adist backgraund control to zero the meter, Repeat these adjust-

ments until 3 syitable balance 15 clbtajiped,

3D, Place Fused samples In 5lide recesy, Push slide in and operate

seale keys to obinin meter reading,

11, 1*1ot g U versus net Nuorescence (micromnmeter reading) for a

standard curve,

CLIEEANING 1't FUSION DISIIES

Any Mux remainipg in the Pt dishes can be pemoved witly hat cone, ]IEED 4
Rinse dishes repeatedly in hot 2N H‘HEJE. Ap ultrasonic cleaner is vuseful
Jor these washings, Rinse the dishes with distilled water and store in a
covered heaker of Jistilled water or 2N "HGE.
Always handle the dishes with Pr-tipped foreeps. The «dishes may require

ercoasiontl bulling: to peduce backpround coptaminalion,
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SECTIUX C
INSTRUMENTAL ANALYSIS
Highly sephisticated instrumuentation has become available aver the vears for the qualita-

tive and guantitative anslygis of both inorpinie and organic compounds and has provided the analyst

witl, fuster and more aceurate results than ever before,

S5ome of the instrumentzl techniques that are vsed in this section are atomic absorption
sficetrophototaetry; emission spestroseopy; (Quorescence, infared and ultraviolet spectroptiotoe -

try; pas or vapor phase chromatcgraphy; and a variety of electrochemical methods.

1¢h5-E00



GENERAL PROCEDUHRES FOR ATOMIC ABSORPTION SPECTROSCORPY

Abstract

The atomic absorption spectrophotometer is the instrument of choice for quantituting
§*°Al to PPB amounts of metals in air samples, biological samples, commercial products, swipes,
and water, !is advaptages are {1) ease of sample preparation--normally, all that is reguired is
sample dissolution; (2) sensitivity--most nictailic elemoents are easily quaniitatad in the PPM to
'3 range; (3} selectivity--with very rare exceptions, the sensitive lines of one vlement do not
overlap the sensitive lines of another; and {4} minimum matrix interferences--if present, pro-

cedures lor elimination of these interference,: are listed in Table 1,

This atomic absorpticn segtion contlains divisions which describe the equipment, sample
preparation, reagents, data collection, and caleulations, Installation, operation and standardiza-
. . i .
tion clesely follow the manufacturer's instructions,” Safety precautions, repgarding use of crm-

pressed gascs, wearing salety glassces when the burner i5 in aperation, etc,, arc given in the

AA Methods Manual,

APPLICATIONS AND LIMITATIONS

1, The analytical working range for each metal is given in Table 1. Higher

conzentrations can be determined by Jilution of the sample,
2, The sensitivily and Interforenees for each melad is given in Table i,

3. The coefficient of variation for the anal+sis 1~ approximitely 2%

dependlng upon the iastrument and the absarbance of the sample,

4, As, In, 5¢, Te, T, and g are very velatide clements and must not

be hested apy more than necessary in sam pie preparilion,

APPARATUS

Aomic ahsorption spectrophotometer - Perkin-LE1Loer Model 303 op 305

including 1he necessary burner heads for plr-acetyeene apd nitrops oxjde-

acetylene fMlames and the appropriate hollow cathod- Lunps,

Cuntrol box-burner repulator - supplied with {1} o which has been filtered

1o remove oil, water, and other impuritices, (2} aces e -commereially
aviailable; and (3) nitrous oxide- -commerically availaole Note: Heatng

tape is woundd apround the second stage of the regul tor o prevent [reeze-ug,

—_— — =

*hve Heferenee 1, herein referred to s the LU AMethods docaal,

Lins
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Senoitivity

Lanpge of Melhod

TABLE [

Atomic Absorption Parameters

Analytical o

Llernent {ug/md} {uplmi) Type of Flame Waveleneths 13) Interferences Reinpdy
Be D, 03 0,03 - & [Reducing II:1 Q CZHE 2349 > 500 pg/mt at high cone, (1)
{richy 5i + Mg
Ca .07 9,07 - 10 Meducing A = 11.':21’1’2 4227 5i, Al, PD.; (2}
Cd 0,01 0,04 - 5 Oxidizing Air - C,H, 2284 None
(lean)
Co 3,13 a.15 - 8 Oxidizing Air - CEHE 2407 None
Cr 0,2 0,2 - 10 Reducing e - EEHE 35790 Fe + Ni {3}
Cu 0,1 0.1 - 10 Qxidizipp Air - tf.'SEH2 3247 Nonc
Fo 0.1 di - 16 Oxidizing 5ir - EEHE 2153 P {4)
K 0.1 0, - iv Onidizing Alr - CEHE 7665 K ls partially ionized (5}
in the Alr - CEHE flame
My 0,007 0,007 - .17 Oxidizing Air - CoH, 2032 51, Al, Cu at high
concentrations {6}
hn D, A5 0,05 - 4 Dxi:-::'li:'.ing Air - CEHE 27495 None
Mo 1.0 1.0 - &0 Reducing l'ﬂi_3 Q CEHE 3133 Ca and other ions (T}
KNa 0,02 0,02 - & Oxidizing Air - CEHE 599D !.‘ia is partially {onized
in the Air - C H, Nlame (8)
Ini 0,2 0,2 - £0 Oxldizing Air - EEHE 2320 Nane
bad 0,5 0,8 - 30 Oxidizing Air - CEHE 2170, 2833 None
Sn 5.0 50 - 300 Reducing Alr - CEHE 2246, 2354 Moo
Zn 0,025 0,025 - 2 Ozidizinpg Alr - J:Z.‘.E_H2 2139 Kone
1, 1f these interferences are known to be present, add 500 upf mial, 51, or g to all standards
2, Add L% L to hath standards and samples,
3, Add 200 ugfmt Fe to both standards and sample soluticns, Add Ki in amount equal to the amount of Cr in each standard.
4,  Ndd 200 pp! mi Ni to bath standards and samples,
5, Add Na at @ ratio of 2 parts Na 1o each part K In both standards and samples.
6. Due to the hiph sonsitivity of Mg and the effect of sample dilution, no interferences cxist,
M.

Add 1900 pgfmi Al 1o both standards and samples,

Add K at a ratio of 2 parts K to ¢ach part Na in standards and samples,
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TABLE 1 {com)

Sensitivity Range of Method Annlytical ,
Elemen! {ugfmi) {ug/mi) Type of Flame Wavelengths (A) . __Interferences Remedy
Al 1.2 1,2 - a0 Reduclng l"'l2 o EEHE 3083 Fe, HCl HEEDiI
{rich) YV, Ti, HCEHEDE

Al is partially foniged {9)

1.f o.M p.o4 - 2 Oxldlzing Alr - CEHZ 6708 None
{lean)
*a 0.4 8,4 - 1§ Oxidizing Atlir - C2H2 2476 Al, Co, N, Pt, Rh, Ru (10)
{very lean}

Si 5.0 50 - 150 Rteduclng Hzﬂ EEHE 2516 Fe only when using

2 rnulti-clement

larap containing Fe (11}
Ag 0,1 0,1 - 10 Oxldlzing Alr - n:EH2 3281 lodate, permanganate,

and tungrlate

Hzmq and HEPﬂq

ii‘-t‘lz‘.l-la\!ﬂh2 112)
Te 0.5 05 - 25 Oxldizing Air - C,H, 2143 None
gy 0.5 0,5 - 20 Oxidizing Air - CEHE 2768 None
Da 0,1 01 - 50 Reducing N,O EEHd 5536 Alkall palte (13)
Mg 0,5 0.5 - 50 Oxidlzing Alr - CEH_: 1837 (EDL)

9, Add alkall metal salts {1000--2000 pg/mi} to sample and standard aclutiona.

10, Add 0,5% La or 0,01M EDTA,
11, Uee a secondary eilicon resonance line of 2507, 2524, or 2524,
12, Remove interfering substances or add these to standard solutiong,
13, Add 1000 pg/mi KCl to samples end atandard solutions,
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Becorder, "Servo-Riter,” 0-10 mv, Texas Instruments,

Atomic abrorption accessurios - See AA Metheds Munoal for Delyes sampling

—_— - m.

Cup, Houl Method, graphite furnace, flameless mefoury anslyzer, cic,

130-mi beakers with watehpligs covers

19-m) and 100 -m) gradusted cyclinders

[25-ml and [50-mi poly. thylene bottles

tiot plate capable of temperature to 400°C

f*latinum pruecibles

Trflon beakers

REAGENTS

Hydropen peroxide (39% B,0,)

Hydrogen fluoride (hydrofluoric acid, 4875 ({F}

Double distjlled or dein__nizeu water

Redistilled cone. nltric acid (70% HH'EJEI

Conc. hydrochloric acld {36% HC))

Conc, sulfuric acid (353% 11,,5041

Caun¢. perchlocie acid {7079 }-ICID4}

GN hydrochloric acld ~ Add 500 mi cone, hvdrochloric acid 1o
500 ml distllied water,

Acid digestion mixture [; 8:1:1 cone, HNQ.: conc, HEEL]-I: cone. 1ICIO,

Stock Standards ; Make up 000 ppfml solutipns as their ehlorides of cach uf

the elements listed o Table [, being sure to ackdily them properly 1o keep the
metals in selutiomn As, Be, Bi, and 8B are casily hydruted to their {snsoluble
oxychlorides or hydroxides; therclore the slock solutians of these plements
must be in at east GN acid, thers are stable In 1N acid, Kecop all stock
solutions in polycibylene hettles, HE and T1 form insoluble chlorides in their
lawer exidation states; thervfore, add 5 ml cone, nitric acid, prior 1o dilution
v volume, to proviode an oxidiziog medivm and onsure their highor vblepee
states, Commurcially prepared aquepus stock standards of 1000 ppfml niay

also be usesd,



Warklng solutivuns - From cach of the 1000 aizfmnl stock stundards, prepare

L —

working standards 1o cover the range for cach metal a5 glven o Table |,

AR workine standards should be peidifieg as stropgly ag stock sStandarids

amd stered in polyethylene botiles. Remake every duy for best resulis,

Whien analyzing for any of the metals where imerferences «re Kno'wvnh to

vecur, as 15 Indicated in Table I, stondards showdd be prepaced accarding

1y the "Hemedy” Wsted n the able,

SAMUI'LE FREFAILVITON

Ao waciplos 20 Sules

.

Ores, Solls

ToL=t

1.

Transler sampdes Yo 250-m) beakers and odd 5 rul of cone, ”H”'i'
Cover vach beaker with o watchpliags and heat on o hot plate (1407 C)
in o fume hood unti] Saaple chars or o Hght vellow scolution remains,

Flopreat aagdition of H’-."-*{_JH uitil o wiifle residue comding, Proceod with
sl o,

For spmples comaining Ded), 5w 10 mnl of acid dipgesilon mixtore I
is used, The samples are beated ot 200-400°C unt dipostion is
cumpdete amd while 50 fumes are evoived, Cuoul, and quantitatively

teawngfer waoa 10-ml graduated eyvlinder,

For samples containtng As, In, Sc, Te, T1, and Hg, the residue from
step 118 dissolved in 2 ml of 68 HCL and quantitatively teansferred

taa L0-tl grodusted evlinder wits distled water,

Thy residue from sten 1 is heated severa] minules on o fuph temn-
perature hot plate (A00°CY amd convereted to a sull by three suecessive
cyvapora jons with cone, H."'C{]_l or b&x HCL, The ash is then disgsolved

withh 85 HCL or cone, [INO, and quantitatively transferred to a 10-mnl

1
graduated cyellider, Allguets of s con be dilored §F peeessary or
the volume can be reduced by evaporation 10 pet the concemratiun

wilbiisnn the warking ranpe of the melal,

o sl Frasis

bpnite o 1L,000G: 0,005 p drisad 2U0-1nesh sampdae i o Platingin erueible

al 9007 T, Cool am) trapsfer the ignted sample to a 104-ml wellon beaker,

Ihssolve the sample by adding 10 ml of HE and 10 ml of BCL and evaporatmp

to desness un o lew-temperature bol plate,  Repead the addition of 1IEF and

LT and eviporale 1o devhess,

114~
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1.

Agd 3 ml of HC! and cvoporate to drsness,  HRepee.

Zigsolve the regidue in 60X 1{C) or conc, H:'*v.'l‘._:llli sl guastsbiatively
transfer to 2 100-ml praduated o inders with distilleo water, Allguats
of thiz cun be diluted if necesaary 1o pet e metal coneentration withn

iw working range of the methed,

Frlace severa!l prams of defed vegetation in o Waring bBlemder and flend

until the sample (s thorosghly cut amd mixedd,

Place about 10 g in o platinum or porcedain cruviile and heat in g

muwffle furnace at 4307 C urtil a white ash remainsg,

Continue with step 1 under "sofls,™

Urire or Whale lilood

—_——— . AL A mm ==

1.

m_ rrms -

To V¢ ml allquot uf erine or 10 g Dlood In a SH-ml Erleonmeser [ask,

add 2wl ronge, IIZ‘H'{.'F:] cad 3 g 1L Q.

Fyaporate to dryness, repoeal conc, IIN{JH addition until a white asb is
uhitadned,

Add 3 ml vone, HNO, or GN LY warm fo Jissolve resfdue, aml

i
yuanttacively teansfer 1o o 10-in] graduited cvlinder,

-’iﬂn_ll- tical l'rocedure

—_———

wdl
-

1s,

110
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Turn on pewer tu atmnic absorption unit; install kunp 1o e useo, o)

adjust lsmp current to the recommended setting,
Yurn oo oveptilation system puer the ™ e unil,

Turn on acetyvlene, nitrous paade, amd air o the control Box aed ajust

fuel and air flow as iddicatod i the G Methods danoal,

[nstall the proper Farner head aceordiag to the "tape of Mame’ ag
tisted in Talle 1,

Sct wavelength contmol to the proper analytical waveleagh fer Lae mtal

of Imerest amnd adjust the EXERGY mete to maximum enerpy, constaiis

reoping the needle sithin the black or green purtion of e dial by adyustap

1he GAIN knob,

yurn on the fuel Moew 1o the burners and 1gnite, Asparade e serien ol

stapuards aml the samples and record the abgorbancs,  1'repare o

calibratson curve b plotiing o sl geaply prepeer the qbsorbantce versus-

L
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the concenteation of cach standaped in ppgdml. From the celibration
curve, read the concentration {upfmi) of the sumples, Blank values,

il any, sre sobtracted from each sample,

CALCULY NS

3 1y i

L. Ga an air fumple; mgfm”™ = m l’}]%’:'l;lmn - ugiml .

val, &adr sample in
1 Laluti al

* On a4 swipe: mg = m LJIHT[?(;‘[] _i__E"E"__'

- . C "l Ty - _._:- ’.l’ﬂil

1, [n o liquid: o 30,000

. - _ ml selution  x wpr/m) i

i ta solid: ’ wt orlginal sample {griams} x 14,000
Reference

1, Analyvtizal Methods for Atomnic Abgsorption Spectrophotometry,

‘T'he J'erkln-Blmer Corporation, Norwalk, Conn,, 1474,

111112
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MEHCUNRY [N URLNE

Ahxeriet

Ueine samples are deeon posed with nitie acid and then the gpercups s reduced to the
vlemental stite with stannous chilovide,  The mereury vapor 15 passes through an absorpuion eell
With ety etud windows asing the 234, T-panometer mereurs resohanee i, Contmerical alomie

whimorptiva cruipenent i used o measy the guaplity f mercary present,
AP ACATHONS AND LIMITATIONS

The sensvity for o 0wl arowe sampbe is Lppfl The range eatends up 1o 001 mgpfL,
tetils such as copper, poll, or platimgen form alloys withy ereuars and thus wall viase o e it e
Fecpunst, Sater vapor o ofganie selvents thal absurk ot 25300 nanometers cause o positive
Fuspimnse,  Ahotbey thmilation of this wethod s thal same o Janic-mercury compounds are ol

decamposed Ly the vold soid dipestion rechniguoe,
b‘hljl,:“.[L\llllLr-‘:'

Muercars evelution train - This cunsists of o rotometer cover{inpe the 0o 5- 1L in
Fanpe, A Bigh-efficivnny babbler, o nadpcet npihper a5 o salety Plage, o detving 1tube
(idde £ wizh mapnesium pereiiforae, snd ooe absoppion ovll, L0 cumiponess e

connected to at air supply coe with minimuam enpths of typon tubing,

High-elficicnes bvubbler; 1CO-~ml size

Pipets; 1=, O-, and d-mti sazes,

Volumetric flask; 1008 ml

REAGENTS
'[‘mn:__llxﬂi {70" HH{J,‘I]

Bl HCL - dd 500 ) cone, Mydrochlorie acid 1o 500 0] distilled wider,

Slannous Chloride Selulion; 24 {(W/VE.e 65 HCL - Dissclve 10 ¢ 1 stannous

—— -

chlernde i 50 1.1 of 6N HCL,

Ytock stindard; 1000 up/ml - Availasle cocomerecially of prepare Ve oissolving

1,451 g of mercuric chloritie i 100 ml of 65 11T,

Working standard; 1 pgf ml - papet 1l of "he J00@0-ugfiml ~tern standard

wiler & 1-Lter voluttedrie Dhas), Jdd 20 040l of cane IIHU{ I P HLEE YR VLT

with istulled water, PPrepars fresh s,

1)



ANAIYTICAL YROCEDURT

1. [riasfer 2 mi of wrine sample 1o o niph-efficicney Lgtbler,

2, Add 3 pdof liI‘Jl‘.Z:I3 and allow to reuact at room temperature for at
Ieasl 3 avinutes.

3. :livte te 50 ml with distilled warer; add 1 mi of stapnous enloride,

ani connect thwe {1ask o the bubbler tube in the generating teaing
1. Qpan air valve and pass air through Lhe train at 2t fmin,

. Hevord the detector respense on the recorder.

Run standards of 0,601 to L yy mercury in the 8arne masmer.
CALCLULATIONS

1. Miuke a calibration curve Ly plotting peak height ar areca indorthe curye

versus g mercdry on semilog praph paper,

2,  From the calibratien curve, cead ug mereury for each of the suinples.
: . o i & i = -Pg mﬂrﬂur}r Iﬂ'unq‘_
3, slererry concentration (pgfmil) mt of sample taken
Relerence
1. Mateh, W. ., and Cit, W. L., "Determination of Sub:-Microgram Quantiti -

vi Mercury by Atemic Absorption Speetrophotometry,” Apal, Chiem., 46,

2083 {1968),
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GERERAL PROCEDURES FOR SPECTROGRAPIHIC ANALYSIS

SAbstract

The emisgion spectropgtaph is a useful teol in the Envircnmental Healty Laboratory, since
il car accept a wide range of sample typea with a minlmum ameount of szmple preparation, It is
especially veefel becawnse of ils trace-clement censitivity [or many metals, These factars have
infivepeed laboralories lo investigate the wse of the emission specircgraph a8 an analytical 1oel
for suph roviine programs as {1} beryllivm ewipes and air-sampiv monitaring and {2} guslitative
and semniquantitative analysis of swipes, settled duss, and commercial products, The general

methods autlined "*+e used in the 3andia Labaratorivs Environmental Health Chemistry Laboratory,

APPARATUS

Spectrograph, 3.4-wmeter Ebert Plane Gratlng, Jarrell Ash Company, Newtonville, Mass,

Bilateral slit, adjustable from 0 te 400 micron ‘idth; 30,000- grooves-per-inch replica
gratlng:4- x 20-inch plate holder; electrizal racking and slep-jogging mechanism; and

remnote grating rotation,

l'awer source, AC/DC power supply, Jarrell Ash Company, AC spark (§-10 amp), DC arc

(D-15 amp) 0- (g lid-gecond prelurn, 0- 10 3-minute exposire time,

Are-spark stand, Jarrell Aish Company, Waler coeled, adjustable jaws, air chimney

with adjustable damper for drafi from ¢ to 0.20 inch ol water, motor for rotating disc
electrpdes and rotating platform elecirodes, and inlet from repulated B0% srgon-207s

oxypen lunk for use in argon Alposphere excilation,

7-step filter, Jarrell Ash Maodel No, 16-330

Plotgprocossor, Calumet Fhotagrapliies, Inc,, Elk Grove Village, Illinois, with therimo-

statieally controlled tanks for Jdeveloper, fixer, stop bath, and wash tanks. Adjustable

nitregen burst system on developer, {ixer, and wash exeloes.

Seidel caleulator, Jarrell Ash Model No, 10-100, with working curve Sirips 2nd back-

nround correcting device,

I’"hotopraphic plates, Kodak 54 Ne. )

Elecirodes, Ultra Carbon Com. Koo 1R aad 1Ky o

Comparater micrcphotometer, Jarrell Ash Console Model Mo, 21-000, nonrecording,

with 0 to 10-micron cantinuously adjustabde =10 width, and 0, 1-, 0,5, M,7- 1,2-,
1.6-, and 2,0-mnm step-adjustalide 141 heipght; Las cleciricat seansing drive up Lo

1 mm at 6 microns/sec,

114
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Qualilative master plate - 1'iate uarked with the positions af persizstent blines of 4E

c¢lements using an Fe reference spectrum,

Vials, Spex Industries Nos, 3101 and 3119, 1/2-inch diameter x 3 inch long, poly-
styvrene with polyethylene cap, 2-ml cap cily, with 1/8-inch-ditmeter Plexiglass
Lalls,

Wip-L-Bug, Spex Industries No. 3140, with 1-hour timer and fun-cuoled motor

Assorted laboraiory plassware

EACITATION AND EACOSURLE CONDITIONS

Arc luamp OC

Preburn I sev

Kxposure 3d scc

Filrer T-step fllter n step 2
alit height 2 mm miolmum

it widih L0 microns

S1ep heipht 2 mun minimuam
Analytical gap 2 mm

Gratiopg position D20 degrees
Atmoesphere Nir

PR OCESSING COMDPITIONS

1. Develop for 3 minules in D-19 developer whieh is 8t clear enoegh for one

1o see the pOtom of the tank at 0 temperature ef T0°F., Uspe 2-zec nitropgen
burst evers 10 sec on developer, fixer, ard final waszh,

2. Stop developmenl by Jdippiag 10 10 13 seconds in 25 acetie aeid stop Lath
which is not more than T month eld,

3. ¥ix for 3 minules in Kedak Rapid Fixer {Kodak 2-part solutien} fixing batl

which is not mare than 3 months old,

. Rinse {for 3 minutes in coid ronning tap © ater,

% IRinse again in distilicd water Le climinate waler »pols

O, 1*liates may be dabbed gently with lint-froee paper toweliny before drying,
T. Dry Far 3 minutes with emndsion Side up 10 the oven, wilth heater on high

and blawer on,

L Plate may be marked 1o idemdy specific i for rualitatjve identification,



DENSITOMETRY

Use the following scettinps:

ad,
b,
<,
d,

slit width, 10 microns

5lit height, 0.5 mm
Set 0% T with ZEROD ADJ, knob after 13 minules minimum wiarmup time,

St 100% T using SPAN knob after setting 0% 1, using o clear area of the

plate either just over or just under the lines of interest,

GENERAL METHODS, QUALITATIVE

Swipes

1. Louad the swipes into Ultra Carbon No, 1849 hellow-cup clectrodes,

2, [2:zeite and process, using conditions as outlined above,

3 Using the qualitative master, identify the unknown elements. For
pesitive dentifiealion of an elemuents prescence In the sample, a
minimum of three persistent Liues must be matched or measured
perioctly.

wolids

1, Grind sample, if necessary, to allow introduction of a upiformly
mixed portion of the sample into o No, 12440 hollow- eup electrode.

2, BExcite and process using conditions as cutlined above,

3. Identify the unknown clements using the qualitative master plate,

4, ‘t'o 1demily the elements found as major {M}, minor {m), or trace
(tr} quantities in the sample, compare viewally, using the comparator
microphotemeter with standards or other samples of known cencentration,

Liquids

1. Transfer the liquid into a No, 1280 hollow-cup elecirode,

2, Liyaparate the liquid by air dradt, healing lamp, or vven, as poeessary,

3. ixcite, process, and identify using steps 3 and 4 under "Solids, ™

11%
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GENERAL METHODS, QUANTITATIVE

Ng deviation from the cammonly accepted quantitalive spectrographic methods,

abundant in literature, are usead,

The ipnternal standord is chosen with the following criteria,

1.

2

Equivalent burning rates; c.g., Mo for Be unknown,

Mirimal chance of presence of the interpzl Siandard in the sample;

e.g, Pd or In in trace-metal analysis of water,

Itefercences

ASTM Committec -2 on Emission Spectroscopy, Methods for Emission

Spectrochemical Analysis, American Society for Testing and Materials,

T"hiladelphia, Pennsylvania, 1964,

Harrison, George R., MIT Wavelengih Tables, The Technolapy Press,

Jolin Wiley & Sons, Iic,, New Yark, 1939,

Harvey, Charles i, Sumiguantitative Spectrochemistry, Applied Hesearch

Laboratories, Glendale, California, 1964,

Kroonen, 4., and Vader, D,, Line Interference in Emissian Spectropraphic

Analysis, Elseyior Publishing Company, New York, 1963,



BERYLLIUM IN AIR SAMPLES AND SWIIPES
(Spectrographic Maethod)

Abhstract

Air samples or swipes are wet-ashed in o dipestion mixtur:- of sulfurie, perchloric and
nitric acid; i known amount of molybdenum is added as an internal standard and the sample diluted
1o known velume, Aliquots of the samples and standard solutions containing molybdenwm are
transferred to hollow-cup electrodes, The electrodes are arced in a 10-amp DC arc, the Be lines

dre measured gn a densitometer, and the beryllium concentrations are calculated,

Sample Type: J-ingch Whatman Hi-Vol Air Samples
42.5-mm or greater Whatman Swipes
Milipare Filter Alr Samples

Scngitivity: 0.1 ug Beftotal sample

Accuracy: 220%, 0,1-1.0-ug rappe
+10%, 1,0-3000-ug ronge

APPARATUS AND REAGENTS

Emission spectrograph

P owor supply

Comparator-microphotometer

Developing equipmont

Kodak 5A No, 1 plates

Electrodes, Ultra Carbon Corp, Ne, 1949 and Ultra Carbon Corp Wo, 100U

walerproofecd with krylon spray,

Fipettes, 2 ml, 100 lambda

Dipestion mixture, 8:1:1 707 HHU:]:'?BT- ul’:m_i;siﬁ-r, H"’SD-I

Beryllium stock solution - Disselve 189,638 g He HJ_I- 1H_U Ln a liver of

{J.IHH,,S{J_‘ {1 ml = 1 mpg Beld,

Heryllium working solution - Inte o 100-mi plass -stoppered volumetric fligk,

pipeite 1 ml beryllium stock solution, add 1 il cone, II."H:U,i, and diluie to

volumie with distilled H_O (§ ml = 10 up Bej,

Molyixdenum stoch sotution - Digsolve 011 IHII_‘lhl\lﬂTU_q I R TR ST EYS

dastibbed 1,0y 1 a 100-m] volumelicrie MNark, 0d 10 ml cwnse, HhUF ahd Jriute

to voluyme £ ml v 3 Mol

Iin
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AMal bdenum anternel standarcd Selution - To a 250 -ml volumetric [lask, ddd

1% ml conc, HNQ, and pipette 530 ml molybdenum stock selution (8 ml = 1 myp Mo,

j

Bervllium standards - To cach of seven 100-ml volumetrice Nasks, add

1 mi ranc, HHL‘-',;. Then add serially 0,1, 0,3, 1, 4, 10, and 30 ml of beryllium
working solution; to the seventh, add 1 ml of beryllium stock salution, Bring
to 100-ml volume with distilled ll,][l'. Thus, the standards will have 0,001,

0,004, 0,01, 0,04, 0.1, 0.3, and 1 upg Bee in 0,1 mil,

ANALYTICAL PROCEDURES

1. Fold sample into a 100-ml beaker, add 2,0 ml molybdenum internal

standard solution and 1€ ml digestion mixture,

2, I’]lace on hot plate and ¢cover with a coverplass,

3, Evaporate to =3 ml, or witil just fuming,

1, Let cool, add 2-3 m: cone. IINDE, and replate to ¢vaporate 1o ED:j furmes,
2. Coonl, transfer quantitatively lo a 10-mi glass-stoppered graduate, and

diluie to 10 ml,

b, Transfer three 1005 portions into three Noo 1988 waterprooied hollow-cup

vlectrodes; Lriplication is necessary to meet required accuracy,

T, Evaporate solution in electrodes slowly, When the electrodes appear

dry, increase heat to drive off the lust triaces of l]ClD_] and [-L}EDJ,
EXNPOSUHE PLAX

1, Allow 2 nuen of plate height fore cach of the saumples,

2 Load the plate holder with 54 No, 1 plates, Position the prating ot

L+ o
bl el that the wavelengths botween 3000 A and 3300 A all fall

e Lhe pilate.
i, Vigust thie 180 widlh 1o 10 miceons,

i. Sdwast the shit belglht to 2 mim to conform with the planned plote in

procedure 1 above, and set the step height accordingly,

1, el the §estep Dlter o the secomd noteh in all samples,
I 1=l M

“owlho ] sactoes tor W secoinds with Busamp 20 are aml 2-second preburn,

r—
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DEVELOPMENT

. Vrocved up specifivd in  Geoeral Spectropraphic Mettuds,”

PROCEDURE - DENSITOMETRY {AIR SAMPLES)

1. Turn or MASTLER and SCALIZ switches, and allow 1o warm up fur al

Irast 15 mingtes,

[z
-

Mot slit hedpld o 0.0 nuen and s130 width o ) icrons and pecard

perey st Aransimnitiancy,

3. Alipn selection fov uplimum ranpe,

Ronpy, pe

[rternal Standard ant Llectrade He Line, T
Mo 3133, 50T 0.001-0,1 ALA0, 104
Mo 3133, 50T 0,15 3141, 5%
Ao 3133, 5% 330 2G5, 5T

L'se standard eurves [or quantitalion.

4

. Cusleulate the pp Be on cach electrode amd averape the Hlpures fure
vibeh sample.
b Jeelrode ihvting Tarror
3 g Befim® air sample = pelelecty PEY 3 —"{—--—-.i-- ‘
ajr sample volumme nom

Mg x 10
3
Im

HRefvrence

1, Brucalu, P, aml Bicliski, R,J., Haprid gl fir of Hesy Hivim o A Borne
Dust by Emission ¥pectragraptiue Pechnigues, Teoonmo ]l Kepoet Xo, 1000,

Febpuars i, 1M1, {Fram Techmoeal Infortmation Blepartment, Engineering

Ruese: rolt Conter, 100 Bos 900, Princeton, Sew Jerses,)
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AMALYSIE OF COMPMESSED BRNEATIIING ALR

:1':.15'-:1-:1;::
'T'his method Jescribes the anslylical lechnigques used in analvzineg compressed breathing
alr and the specification requiren:enls are listed by the Compressea Gas Association Inc,,
300 IFifth Avenue, New York, N, Y., Table H lists the CGA Specification G-7.1 1966, Grade D

gustrons is the heeathing air ysed at Sundia Laboratories.,

TADLE ]

Compressed Gas Association Specification
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ANXNA: YTICAL PHROCEDLIES

1. The pereent oxyvpen shouw'd be deternned by (A an apparadys emplosine o

colpparisol Lobe filled with @ cajor reactive chemical or Ly (13} a gaz

chromatograpl., The technigue used must be specific for oxvpen,

The water content shuuld be deteetined by (A) supparting the evlinder

in an inverted pesition {valve oy e bollernd ior 5 mnates. The cvlinder

¢ d eoatenis should be at room tempera.are (227°Ch 0 The evlinder valve

i5 thon opencid sliphtiy (USE CALTION) while the cylinder remains invertod,
and the air is vented with a barely auvddible flow into an open dry containgr
lor gne minute, {(CALTION: A rapid pas flow may cause any liauid to
digperse and ool eolleel in the contpiner,) Aoy #aler in the breathing air
wili condense oi the dry container, or by B} Rarl Fischer uiration

anparatyg,

. The eondensed hydrocarban eoktent should e delermined Ly
{AY sepporting the cylinder it an invested posituon (vaive of the Lotiom)
for 5 minutes, The cylinder and coslents shouid e 0t roois lemperatare,
The eylinder valve is then opened slightly (LSE CAUTION) while 1he
cvlinder remains inverled and the ajr s vealed with a barcly audibie
flow into an open dry eontadner for ene minule, (CALTION: A rapld
pas Nlow may cause any linguia to disperse and nol condense in the conlainer,)
ANy oll in the réathing oir will condenst on the dyy containeyr, (D}
scrubbing the ale sample with spectral -grade carbon ictrachloride
wiilech is then exanined by an {12,

-+, Tue cuarbon monoxide cantent shauld be determined by {A) a gas-coll-

etjalppud Infeared analyzer, The LR is g be callueied at appropelate
interyvals with calibratlon pas atandarda at 4.6 milcorons or by {3} u pue

chromatageaph speelfie for carbon manoxicde,

a. Udor shiguld be ehecked direcily by sinelllng of a moderate flow of air
{from the contadner boing tealed, The prosouce af o prataunced caoer

should eender the alr ynsstisfactory for hreaw hilng pumposvy,

6. The carban diaxide cuntent should be determined by (A a gas-cell - equipped

infracved auvalyzer, Uhe analyzer 1s to be calibratod whth calibeation pasx
Mandards at 4.0 mleroans ar by (U] » gas chiegomatapeapl specklic tor

caebap cicxide,

. The gascous hydrocarbion content slauled by deteranned by {A) o gus
chromatopraph with a Qe wonization detector, "he GO, is to be
calibraten by wse of meshant gas standards, (I By o gas cell equippund

LIEL The LLH, is to be calibrated with giethane standards ot 3, 5 mdcrons,



19,

11,

The nitregen dioxide content shoald be dotermancd by (A o pes cell

cquipped infrapred analyzer, The [ R, iy to be calibraied with pas

stancards at 6.2 microns, (12) by a suitable eclorimeiriec method,

The sulfur dioxide rontent should be determined by (A} a pas cell

couvipped infrared analyzer., The IR, is to be calibrated with pus

stundards a1y 7,3 micrans, (B) by u suilable calorimetric methad,

The haJogenated solvent content should be determined By (A an

electronic halide detector or (B} by a gas-cell equipped 1L

The ucetylene content should be determined by (A o gag cell

equipped LB, The 1,H. is to be calibrated with gas standards

at 13,7 mirrons or by (B} a gas chromatograph.

Referenee

Counumadity Speclfication for Alr, CGA Specification G-7.1 Conpresseod
Gas Assotiation Ing., 500 Fifth Avepue, New York, N.Y, 10036,

12 11
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CARBON VOROREIDE IN ALK AND COMPHRIESHLD MR TANRS

Abstract

[ |“|||-- Y | - ! - 1 ' Foger. ! f'l'"ll"" i

voectrophotutmelry in the 2- to ld-micran ranpe using 1 long-vuth gar oo, LCompressed air tanks

gt sl anolyzed by this method.

APTLICATIONS AND LIMICATTONS

‘The analytical range exiends {rom 10 1o 500 I’BA] or hipgher by using an 2liquoet of the

sample,  .ny pas that absorbs infrared sadiation at the analylical wavelengih will interfere, Dut

by Scunrag the complete LR, spettrum they can wsually be detected as having additional absseption

lincs, Wiater vapor is removed by use of drying apents on the inlet of the LR, cell,

AFPARATUS

nfrared spectrophotomilor, 2- ta 15-niicron range

10-meter-path-lenmih gis cell

Viacuum pump and manomeler

Teillar or Mylar bags (5 liter or larger)

Gas syring-s (100 ul to 100G ul)

Gus tank regulata,-.

RE,AGENTS

Drying agent - Drierite or aniiyurous caleium chloride

C.':lrlgnn manoxide Eln]r. with known conconlration

0 free air
ANALYTICAL PROCEDURE

1. The 10-meter-path-len@mh pas cell is connect. d {o a manomeler
via a T cohacclion,

2 The gas cell is cvacuated o about 1,0 man Hg,

3. The plastic bag sianple i2 introduced into the cceld through o deyving

tube, Wil 15 minptes for eqrilibrium 1o beeome established,
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b It o rpid simple comaane e s psed, eecord U eguilibriom pressore

{1+ qul Faned il the col to aimospheric presgouee wilh CO-froe- air
cipal.

(TSRS g 1Al L3
I [F L saenpde s o compressed air lass, [l the evapusted gas ool

Lo aimoapBeric pressure willh aic from i Lo,

rocarr the spectrum frome 4= gnaerozs {2300-107 (e TE the absorhatee

[ L]

- . . -1, . ) .
Dy nieronys 120440 ere ) as measorend By Lthe baseline teohonguv,

A ocalibriatiar cyrve relating absorbance at 4,47 microns and coneen-
tration 15 prepaped {for o seres of bnown valumes of CO introduced

into the LH. cell, The proccdure is as follows:

Eviruiate the pes eell to LLO mm Hg, then bring to
atnusnhe el pressueye Hy pormiiltiog ale o enlep

LViaboa Cogihirated wel - test meeter,

Pvacuabe e gas ol apain to 1,0 e Mg CO ds
anlrhsl wato L atd nf oo pas syringe thepags o oybber
seplimny attasched b tine gy eeldl, The pressure is
b ey apdat 1o b psphorie pressuree wilh CO-frpe
il e pitropen ang the abisorbanece ot A.07T micron

s mirasgecd (or use 0 Mspan gas’ ol known eoncen-
tratinm.

e comgeestealiog o caleulinzed (ram e snaitity alf
U adddeal ana thee yoiume of Lhe celd, e, 1l of O,

i bl sl Lee volueswe al Lae cell o= 3,80 Literes; Lhern

. epd, arl 0 drelelerdd {ul) 1NQD 4l .
EPAL (0 LSRR - s LD gy
it vol, of 1R, eell (Liters) 185

(Y A R A [ T

e Mgam rempen s Lractioen o e ynkigtey e o poesd [roe e calibirction cerves U oteserven

cetaos T e fean e e - lihieatn curve v orrecled Loz T voluime ol sample acluaslis inbrageeogd

. . - L3
S N A M- C T THT R TG

1'
e - X
vitivs, L}
-
W !y Sl B
[ cdemi e g oneentE ab g EEeed e el it zon cnpees 41010
ko=
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[
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L2
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FLASH-PHANT TESTING WITH PENSRY -RMARTENS CLOGEDR FLARI TEXTEIR

Abstract

This mretliod deserites the Pensky-Mariens closed Gash tester ag ased i A3 roctiosd

12 93-02, 1ext for Flash 'aint by I'ensky - Marien Closed Tester,
ATPLICYTIONS AND LIMITATIONS

FRiE TeRL Jy o wsed on Fuel ol by ongel) o5 vincpes malemia)s ann sor ensionts of ok, P T
prrofeduce §s nob applicalle e drving oils, solvent=type Haguid vases o cut-back asphadia, e
ANTM -19140.)

AIPALRR VTN

Pensks =Alupetens Tester - AT Specification E-143 {(see Figure ')

Thermometers, Ranpe 20°F 10 230°F wid 2007F (o 70078,

Fipute 1IPensky-Magtens Tester
AXAMNTICAL PROCERURE
b, 1115 thy cus witie i aferi v b Desledd Yy the Jevel] anrlicsied by the
b miarke 13ave e vt the vop agnl sel cup oo e sToace alod

Yerh irtter preesitiowy,

! ln=ver Ul frmommeters ane el Ui te=I flamee,

K
I
Y
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P LTI AT L IR N ST L S LN TY IR L N SR | YT o ol YU SUCU T I, I A | ar et
., LY D E I T I T SO PRLT PPRS SRR T LY 1 T L R P R R N R
T B R Ludw__pa = 4 .- ] ] . L] - i L
SRS AUT R S LY L AL Y PrIR-T I 5 S S L - w1 &7 e N1t Thie o T,

wntaln D o-wp 22.T0s g1y AT LR TR b o niy (IR L L

TN ST ITE N AN RY - I «u A T e IS L -5 nh et
F oo vy o mhae flasl g T thae 1 T L L B I R R 1L cart o R

at e i e She beal Tl appelie ATieds woanse v i tana b flasl L i

Wt $ang ol S o . Merthieleld ve The Leead flaze:y ot i Ve =, ek AT g
wudtro e Tl o DURG L ax fhie Tlasit fagrt ters peratue g

cpepederartiedls Do ok cnanfanee The Trae framls oagrh Ahas toalke,

AR I PR IR

Vibenvie kD e o Dt bapor oirse presaire, Taog o caeh Do Teetooa e Thin
egtirae reaeldilg, ke 1o b b the flanly T H L oo vravgr e 20 e e S0 zy g, =ullpact

Thiee flastn ALEHHL

IBeferimn 11y ws

1, AREA 1y Fosisl o :'i-LHH].'JJ'th' ot Atamdars) Al-dnnd of Jaoest for Flash

Proant Ty Trenuks - Martens Clysed Testep,

== bar
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Ae swepdes are eollected an S habinan XMoo ) BRe pegeen, 35 -0 e menbovanas 1l e,

L=l catleriors, o by sattable arpamic solvenis, ] in-

il

orpanic =olvent and gquoantitabed esing either floocescene

VPIPAVLVTLS

£, M1 18 A

Ablintrar]

Infrared sgectryphotometer with KaCl oevlls

Fluorescence spectrophotomnier

Ultravielet spegtruphotometer with silica eells

—_——

151" colleclion Kit

Whatman Ne. 41 filter paper 47 -mm si2e

Cellplose muembrane filters 37 man {00 mleron)

REAGEX ™

[EEE——— T

Jolvents, such as ether, CCl , iscoctane, chloroform, vic,
- b |

Siandard oil, from which oil mis: ix pecerated {160 mpgfn:l) - Weigh 10 ¢ of

oL into 120 0] of o sultable zolvent,

ANALYTICAL PROCHIDRL

1.

1- to 100-gpfml standards of the ail in question are prepared in g
suitable solvent.

samples are collected and the sil §s extracled, using the Solvent

used to prepare standards,

Spoclra are run al the particulnr wavelenpih at which the oil has

X bman absorbance,

The ammount al oil 1z quantitaied using the stamdard= [or the particular
oil by mcasuring the peak heipht and plotting this value versus con-

conlration in ppfml,

L BT L R TS W LT L] BT e (Y I T PR I I8

infracea!, nr ultrovin)m sprcirophotanneely .
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hendgtae t

LR POPIE U T PYSTRFTR I SR N T N ST R Y '.Ll‘tl'-.lul- o tulae T l.r.1in |4 H ST gL T E SFULIY R T o B 1

boo vrivrannn, v franale predd Lo o prandacden e vidlonler saul dde norhedd agthe oo dinalfng . e ali ana

S O LR T BB S AL :;ru.’:.-mlu;:'.l'.r. w2b Thee P s thy re =2ty LR 1 EEER b T L B LELLPRY ST

adth e o o Yo feeerr T anpes Vi sl 2 Taanlazoos,

VIPTL PO A Oss AN Y T Y TN

Th matupding deveee is sainall, portabde, oad govolves i Liguapds,  Btereferences are

R R NP L IR ST E R RS T E] FW PRI ARY | (AN H FYE clannegaalaad 1oy R ER Ty 1||r-.1."...l‘l+.l|,:r-'n.|-.‘1l.1 el ed .,

Frrvo s of the akalstaeal ineioe? 1= 0%

Voegsawilvantape of the mielheel i that the coneand o sangede aliael cai e tahen 3= Jiznteas:
Py the naprohacr ol noliag moomes that 1he tubee wll ARNR TR ITIEE et loeetingg,  Whert L aecoean® o 8 sy aleer
1 the e b mo peeat thd condetsation occoars i the talo, argae svapeaes @ Bl ol b veappe o,
When tao ar jnore soleents are hkaowa op suspecied o e present in toe aar, such ifoermatag,

tncluding thewr suspreacted identities, should e transniitted with the sample, Sinee, saldidferences

i paliarils, one iy displaee anotbier from the ehareoal,

1V aansn dae aanphasizoed B3 ans copppowsd which ok e Soonee petenbion bt os he spaeciin
compumnd  under shady e the vperating costitions deseribed in tns methed 15 an e elference,
Ileoee, Fetention-ume ot o a smple column, ur vven et puamher ol columns, canneot lae con-
~teieredd o= peond of chenageal Sdenliis, For beie poaseas i s apetact that o Sample of the s

solvent{=F e sabaitted at the Soare 2one sa thoy iaentitv{ies ) cen Do estabfishoed Dy othier masons,

A'PARNTUS

Charcoal tubes - Glags tube with both endes [Bpe sealed, 5 e Jong
with o G-pny ) apd o 4-mm D, cantaining two s <doms of 207000
wiesh activated charecal sopavated iy o 2-paow pertion of areibane
foam, The activated eharcoal s preparcd Irom coconut shelis and

ve [ired at BOD C prior to pockipp, The absorbing sceelion contipns

U0 mp af eharcoud; Ule Backup =oction, A0 me, 4 d-mom paciion of
urcthane foum is placod between the outlet crd o the tabe aind the
backup scetion, ) plug of gliuss woeol is placed in [rent of the absorbing

st Lors,

Gas chramalogrdph - Equipped woith o Qoame jondzation deteeler,

Colune, 4240 L~ Va0 ) stk 107 FEAD stolionary plase o AP TR ieadi, G st o

INICS Chirvimmio-arh W selid CRHTHITEI |
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AL EFITY o] [ AR I SR LY B TUEL R I TR IS SRR Y I 1T S ETE ST EE ETLANTTRN T Ay ST
(AL IR L T ~iPUH.ges 1D @, ! codwenmnl siees fop suak g =lamiards,
Foipemtm, plana, 13-l agre,

(AFRNCTY PET-NLPR ) :.h_u:ll':'.-, - s fur meakinge =tandarn soalations,
i{l-. lh-’l'..ll-“"'n. .I e

Mercirugrase carbon didulfee

Ttuie sainpiee sf e votpesting weder =tuos,
Pfarizy vy, Covacn- L

Vs imugen, prepurific

Cuongrress e aiy, fiteredd
s ALY FICNL PPHOC O]

l. Proparaser of siapeples, Fach erhareosl tule ju o) wijth o D i
Troesd of thp Jirst secilon of chivrcood ol brghen aya-n, Yhe ploss viso)
b Popereledd Sepnd disenrded),  Thiee charcesal) §n e Nies? Darper) sec) o
b translerted 1 o 1Dl prodleate) eylinder. The spgeipating serlii
e Mparn te pemtherteek prred ddespeorraelier; thet Sl seelyoany ps b forre)
Lo atothier grovddwided cplinder, Fea ol of O8 o5 addexd fo vacde graaiduaterd

s Htehe

A GEC comditionis,  The tvpical vperating conditions for Uhw pis cheamato-

graph arms

X, Ha cofmin {78 pig) heliom pgay fluw

I3, G eefaom £29 psipd hadedpea gas flaw Lo detector
L, s i fineen Lt il e flow to detectog

[3, 200°C inwetor lempueratare

[, 209°C manifald deteetar tempe cature

F. lsothermnl oven ae coluoin leimpecidube - - pefer Ly

Table I for spuecific compuunis,

i Inpection, The first sicp in the analysis 15 the pgection of tw sianpie
e the GO Te vlimdapate tifficullyes arismg from lowback or das -
Hlation Wl the syringe needle, one should coplus dhe solvem lush
e zoyg 1echsigue, Fhe 10 g sspage ia kst Mushicd with solven

meveera) e 1o oned e barrey) absd plunper, The needly s then

1K



TABLE III
Organic Solvent Para.neters

GET

ltange or Limils Min,
(ragfsample) fnmrle GC Colurin Mol culap
Orpranic Solvent Lywer _ Upper Jol, 1a) Tempseratlure| C) Weisht
Buenzene 0.0l 1] 15 90 70,1
Carbon teirachloride .20 10 (est) 10 60 154,0
Chloroform 0.10 10 (est} n.5 B0 119
p-Dioxane 0.05 10 (est} 1 100 84.1
Iithylene dichloride 0,05 10 {est) 1 %0 9.0
Methyl cthyl ketone 0.01 5 D, 5 Bo 72.1
Styrenc 0,10 I3 1.5 150 104
Tetrachloroethylene 0.0G 21 t 130 GG
1,1,2-trichlorocthane 0,05 10 10 150 133
1,1,1-trichlorpethane 0.05 11 0.3 150 133
{Mcthyl Chigroform}

Trichlorocthylene W, 05 13 1 90 131
Tolueae 0,01 12 D5 120 D2.1
Xylene Q.02 1¢ 0,5 100 106

{al  AMinlmum volume, in liters, required to measure 0,1 times the OSHA 1imit,

Maximumn volume in all cupes i 104,

Ml volumes quotes assumed at 60 mm Hg and 25°C,



e rscd o the sample aod o -l aliquor 15 withhooawa, takng into
cunsideration the volume of the needle, since the sample an the needle
will e completely injected,  After the necdle is removed from the
sample il prior to inection, the plunger is pulled back 4 shorl
distapce 1o minimize evaporation of Lhe sample from the 1ip of the
needle, Duplizate injections of each sample anc staslrd suocle

Lo made, Mo more than o 3 difference in area is to be expected,

1, Moasurement of arca, The area of the sample peak i3 measuved by
an clectronie integrator ar some other suitable form of Area measure -
ment, and preliminary results are read from o standard curve preparca

as discussced 1 =low,

{ Celibration of standards, 1L is convenion 1o express concenlration of
standirds o jeres of mg/ 1o ul C3,, beeause sinpples ame desurbod
in this amaunt of C5,,, The density of the specifie compomnd is vsed
to convert mg into microliiers for casy mensurerient wh o micro-
liter syringe, & series of staplasds, varving i concvnirativn over
Lhe range of intereet, is prepared and analyzed under tne came GO
conditions and durlng the same Lime periad as the unknawn <amples,
Curves are established by plottin,, concenceation n mg."lﬂ il CEH

VErsus peak aroca,

Npte:  Sionce no lpternal staradard Do psed in Ine melhod, sioandaped
»0idiions t.ust Be analyzed at the same time thal the sasole anoalyvsis
i dhone.  This will minimiaze the effeet of &ocwn day-to-diy varintions

during the ~. me day of the FID response.

CALCULAT, DXS

1. Read the weiph, in mg, corcesponding 1o vach pead area from the
stan:ace ¢ cve Jor the jerdcalar compownl,  Nu volume corrections
are necdee, because the stambrd curve 15 bascd on e f 10 mid CS_’

and thie vo.ime of fample in jected is idemical to the velyme of the

standards ageeted.

a Carrectiar ~ far the blank must be made Tp vach sample,

ol om = mj -imnp
Correcl mp R, &y,

140



iy

3.

u;gH =opap fouta dp froct sectios of samiple tomm Ll

“”__-h foorrp Tndnnd iy Tl seetion oF tdank valo,

X mimnilar procedero is followed Tor the bachup seelions,

Al e correctid amounts present in the irom ang packuy seetions
ol The game &anle ube g determine W total mensured Sygount i
the surenle,

L% . Lesbay g x TUG0
T I_ [ = —_—— — - - —_——
mgfm ugfliver val, of uir in Jiters ot 5TV

ileference

wWhite | la, ot al,, A Convenient Qptimized Method for the Analyvsis
of welopted Salveat Yagors in the Industehd Mmosphere, | Soer, Ind,
ljl‘

Hag, Arsoe, d,, 31 225 070,



COAPUSEITHON OF COMMERCYLS L AND PHROUPHIET VHY DROGUCTS

dhviract

A eertain prreentipe of e ithorstory o orklaad in analysis of corntnerciil or proprictacs
products fur determining potential toxic hazards, The chemist miy brir doskeeel o deterpiine the
composition of & solvent free frum solids, or he may be given o resin solubion er 3 paint arud asked

1 doeterinine the solvend io which the sohd mialprial is digsglvoed or suspendol,

[ hrougn bils expericnce al:d OO UEINLC LAY, oh arairitcid clessst has Lauolly patneped
2 tarpe eaial e ol efornation wstial i recoraing i compaund's ciiractorirlies anc i evald
abing thosye characterisiwes. The actual stalvsis af an unetosan dlinasl Eovariabis praceces o ithe
soasia pf BURe valohs Jugpienls vin el s m e pohieres tos g P el ittt e land etz iive ahetek -

prejtiattan ol composition,

The Analy=1s P'roeess

Gl Initial Observations
Watiy tlrees thee wmgaswl coetijeibe s od 0 pranipel il e assuihes o 1cicrred froa at e ar
k i i
more of e Jodowibp eaxily patheretd souseoes of iRfornatio
], Name = Usually a besode e bal soemielinrmes e o nelpfel hone at
tha- agsr conpunenl.

Example: Tellurac (R 1 Yamberhid Co b ois an orpanic sadt of tellurivn.

l.igui- M oly {Lockrey Co,) is o malvindenum sl lupricant,

Thiofuct tXation] e v, Alend Uhoemaen) Verp, ¥ is o

sulfur cunt aing mdijpe pigiment.
L Morer - Ssonpnelines usciol i characterrzang ¢loemavas clans,

Lovaatniple: Mhiell Cly-mieal Col s famoes for ||r1rm'lﬂ'lruu*ul=-'-. s, -
provuel 33 st ey an orpanic vhiees sl areg e L e

siirarced atdfur pas chrmnatcoprapl-ie FTTR ] S PN

E‘q-|1r1.,-.].]1,-;1|.i;| Cila=> Jand Cormuoratun pranlicts weauld almast

cordainty contain 2lien as oo ingrenient,

Finokal Chemeal Corporation e Lognous for ns Dol sulfode -

lrased subilwer formmuloatjers,
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i, Usee- UMten very elpful in determining ehemical elass,

IENETHTTTLEE Twy swllet-r foller chonners ape used Ly dssulve innn, so Ehes

4

are usilly sow -lbmp-pein orpganic saivents or selvest sistares,

Ciunpow th-r salvetits almost always contaas nitrobenseae or o

alier nmibti-o powlduct,

Huctoricives end alpicides for sater reat-pest often coinain,

ol erhddy arrperrhiiiery mondS nenalie e gl el SiR

1. Phovsicol Choraeteristicos - Hsually vory helpful bt possibily misleading,

Practicallsy all bedusteial pradoets are sceeeet fortalations purpescly doctored

11 Soe way T dispuise the mogor constituents awl active ingredients,

A, Physient state is the most easily nuted physicsl characteyisties gl
ome ol the st diffewit fo o mask. (0 muast De renembered, fwwever,
that o emulsifving, wirttinp, er pelbing agent can alwer U physoeal
state frome an innd=eible 1o g miscible linuil, [rom o suspension to

a collotd, nre Trom o Jaguind te o Holid,

i Codon ix ooty pareels Noeldpdal, Mos sqanelebepers use coloring gpoitds

ag almpuises otly e =uecearinliy, The very disunciive fluoreseent
creeh ol Muorescein 1= evidhent o muliitude of peodeets o ouse-
hen:d LiLqoind detergents to pmlostrial leas detecetoes, I none of these

prvslicess r Quorescew of ana funcizoend vse shaleves,

L, w11 e odten Tl S mmesliate Larae judpenne st Tar thoe AT TETE
coonvonenl, WY salfur - cantaining iaterial elten smells ke H5
(rotirn epps or S0 G b mateh),  Smenes =nell fishy, esters

At higher Ketoties fruits, and aldebs des nodstyy,

ue Ohier phs sical characteristies such as density, peliing ad bajling
st - bl amdes of relraction shoald oot e determined al this poit

utilless o specifie compotind s alreads Biphly sospeet,

A Chernead Chardeleristivs: These ame the et Siemfiedimt propertios
e b e o= wseul Jhita, The sinple o mest bmportant Lactor 1o
ool 1oLy _|||..1.1} SLEE o Oyt pl‘l_uhll"l Lo il srmatlluents 1= 1a
A et g =t Dy =te ey By pewesrenliing et the =il 1o dfoe e
N N T LA RELI THE LT TR RS ML S R AL TR Moy Sdceh ~eleires st eal

-
4

Lata 1o anms . Tothe S ogrpany IRt LIl ganic ~|ll-lll‘.'-tl'.l'hl‘ N1 EPLL - b

b I:l ||_'1.,|:: LEE I | [ l,_t;:-l':l'lillz']'r[' ﬂ-ll'll': I‘ 1 -i'-"li-[-l!"- 1 IH'I‘rI."I-l":.l i'*, :-"”115'1
ot R P S L S L CRCN S TTRREA BT RLET RI- BN oot parTlally vorsaagee,

I R T TN LR S ] TP T L N (TN AT SO L LY L LAY T

Dt fla e adaeay Al e e Gt paaae s wti
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Sclubdlsly: Thuugt  his is Strielly speakiap o physical characteristic,
iLis a mest aelplfe licalar of ehemical corposition, Try aster,
aleotiol, and petrols o ellier a8 TLualhwator” solvests, Ul is suluble
wr portially solublh g water, sseleruune the i, Thoen ke the
wpluiion acid and L o basic o obaerve for precipitation, gas evolution,
wrr change in color.

Lising 160 acidilice  olutiet: frows e above test, atid to one portius one

drop 17 H?..I:ID_I 0 st for reducing pents,
'o anuthier portion add 5 draps LA K- -stareh to test [ar oxidizing
Upents,

AMutils content and  eity: Use the emission spectrograph te determine

metals content of 50 uds and liguids suspected of contaimng mietals,

The spectrograh is a good Tust lepl for delermining! major constitulents
mutals, A penerally weak spectirum showing sodium, caltivm, aluminien,
iron, o magnesiom in small or traere quantilies indicates an organic
protdicl, The purit  of the compourd in question can be inferred from
the abwulance ef el ents i Small ore lrace amounls,  bMost bhelpfol

are the puuzphorus ol Caron lines winch are so weak that if they shaw

o it all ey dndie W phosphate or horate i major anzaunts,
Lizuid purity and g Wliodir U=e the pas ehromatograph for ketermin-

g L pumiaer of ¢ Lgoonents inoon prepganie louil, The resoliing par
elirosutopram ned « o1y 007 the namber of law -to-median bl
[eactivos gqusesly a: ace.. ciely, bul can be saved {oy [uture gquontitohon,
[s is ulse wise to n e the ahape of the peak--a long “Lail” can be
inelicative af a pol. ar ponpolac campoud depending upan e coluam

U=,

Waler content; Ade pinch of aubivderous copper selfale, shake, aned

observe color, IF - ter is present, the white anbydeide turns biue,
OF cour=e, all wiate  <olutions= reaet in this way, butl so will waler in
miner sjupounts in o panic miistares,  Ths test is most helplel i

delermipine amens ity to Later infrared analysis using Xall wimlouws,

Aolvenls: dpev o subst o iald percertape of inest comine reial products e tae

sulvent, i detaweled dise e s proesenied were,
Sulvents vary wiceir 0 in penceral, the folloing rules hola:
1, Ul Tuver i olecul weipht alvablcl~ ) helobies, ali? v=foer= aree

aalulle v rvine o crees o water, Mol the=e esoep Uiethoonl,

r‘.h} Iv 1 [:1}!.'1.1]. NH1L ;_]_'- Gy punt Lol :-vl'pd:‘.l.h‘ll I =abdzalibig [l

S T AT L P 1] YT S I
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-, [he watler insdebrie alevhols, esters, heturnes, ctdee e, aml ce~aturated
hsdrovarbons are seluble i B0 II'H[J_‘ {340 s} vomse, [ et O I YRR 1 TRV
- |

ol B0V Y 8020 mastore of IS0y ) 1) JTO e easena

| &

4
the sittoe salubility,  [rilutioo af the acid Kiser to 1 o 4 Lines the

m'igi”-ﬂ valumme and additicoa af H“'JHUI' vauses all ul these eseepl
The dwhsaturated hvidrocarboits o oine aul ul solution with eithes

reagent,  The ”'ipu4 lessens hviderolysis of esuers,

f. Aromitic hyvidrocarbens are almest ingolubde o 307 11,540, but the

1
saiubility gawes ups ws e gaiiber of alkel eroups inerodsen,  Alipludae
byvdrocarbans aid balogepased aliphatie Byvdrocarbons are wmeioluble
in B0 ”,,5“4. Trichlorocthylene and perehlaretin lene, eves tioogh

they are doubde -bwomded, are not sotuble in 807 II,’Ht}_I.

1. Aruomatic hydrucarbons and halogenated aramatic hydrocaechons are

soluble in fuming [I,,Sﬂqtiiﬂﬁ-}:i‘."-: {rec EL}EL

[
N

The aliphatic hydrocurbons and halogepated aliphatic hydrocarbons
are insolubste in futning H,,Sil_l unless they are highly branched,

Jeichlorocthylene and peechderetbyiene are slowly soluble in

fuminge !l_.H{}_r

G, The refractive imtercoept, calculated by takbsg ane-balf the specifo
pravity frum the refractive Budex pives an iodication of the type of
hydrocarbon present, The value of the refractlve intercepd s abow
1.0649 for all cusinnon aromalic ydrogarbons and L D360 fur all
chain aliphiatic hydrocarbons. The cyelic aliphatic hydrocarbans

have & refractive intercept ¢lose to 1,0400,

T. & low relractive imlercept unicates a greater specifle graving
compivred te the refractive index, This valoe capnot B useo
te jdentify tvpes of solvents uther than hvidrocarbons, since i
lue varies [ge vach aleoliol, ketane, ester, ol halupenated

hydroetirbon,

g, The dispersion gives an indicstion of the preseoce of aromatic
hvdrocarbons, The valoe on thie scole (Z valdue) of the Abbe
pefractamcter, manufactured by Hauseh sand Lamb, 15 around
23 or 24 for aromitic hvdrocarbons, whereas atber solvents
usually pive 17, 18, or 19, Gn the Zeiss AbEe~type refractometer,
the arwnatic hyvdrocartkons glve a reading of abowt 35 amd other

salvents o reodinge of about 41,

1) Yromatie bvdprocarbons have . spceile princats opese 1o ORS ol

4 relractive rbey close a1, 3
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ANALY SIS

Wihcen s%am wshllstion 15 ovcersars, the water Lvxer ard solvent Gser aro scejaifided,
The terate wesl for alvohiols (ererbies Literl s ron on the water faser, [T thiis test is posive
and methianu g thoupht to e present, the layer shoudd bee tested Tor mcthanct as deseriboed ater

unch-r lest Tor Meths wl.

i other componcits usaally Tound in solvemts can e Scparated feom the wiater Lyer

by saturating the water with Xa011 or Xal'l,

Ans solvent recovered from thwe water jJayer is added to the solvent layer and Lhe comphined

solvent ricd thoroughly Ly adding anhyvidirous I'*i:lu'.':it} el allowing e kolvr nt to stand overngphe,

4
Drying is necessary, slnee many solvents form azeotropts with H O, or the water which listils

over s solubde an some of the componems, thereby ehanging Hhr ectiSonts,

Sulvents whicl: ¢o nul requiee steam distillotion are albso dewes over anhydrous H":ﬂ]_‘-

One Bupcpred m! or moere of the dey solvems is distllled theough o pood fraciionating
culuinn, A eecura (~ Kept af the Wwempeealure at shich the solvent starts 1o ogine ower il uof the
temperature when 1 ml, 2 ml, cte,, are collected, Thewe data are uded to canstruct o pgraph of
temperiture versus camulative volume, Thi- o urve indicates the bailing point of companieiils
since, at these Lolding points, the volume increases withoul a corresponding increase in temper o
ture, I the groapl is deawn as the distillation procecds, the feactions can be chosen 50 that vaeh
compencit is peprosceoted by o fraction, € course, there will also e [eactions which are between

the steps and apreaanixtures of components,

Sulficsemt fractiohs should e collected sa thiet the chanpe in constanis from fraction te

fraciion can be evalunterd,

i anditivn 1o these data, i3 12 Beloful to bave ax moch salo ag possible on the aragiaal

sulvent, Tl following system will give mach information which cinnul e oblained frome distillaton,
ljlitl.rllnlil.“: Elil:t‘irif' Hr:ltill}-‘ :.-’_ "..'LI.IUU, "*111’ rufr.'["ll‘."[' ir",ll"\. L ll“—‘ uri“il!;‘ll ﬂl’l\-i‘lll-

Ve 20 il of the oreion] te o 2o-ml gradusty, and add 2,0 el of 30 and mas tharoagh]y
read the moeunt f salvent which is soluble wnd raleulate 7 solubabity, Take the constants speeific
pravits, 2 valdue, and refraciive indea) of the supematant tinsolulile portws), Colealate the

coHrslants o the rolushe portion, Fure instancye

=1 pr, oniginal - O ol Mspe ees w=olld AT sol MEp g, =i, )
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[ - molvents whieh aee comgtetely estracted by this proocdare inelude acctone, methann,
cthin D wdvobal, and Soth o- amd isopropyl atleobol,  Any ol these, except mcthonel, cin be vecovered
Peeripe theee worter Juder By slapating the water Jover with NaOM, L Hfficull cases, e recovered

~abyvent tan tae disuied frmne NaDTL wsing senumicro methods, The distillate, in moest cases, has

vemia bl s ey cleee Lo M conElanls of the puare cuenponehi,

Hoe=des the salvends whiel dee mfioete saluble or adler, therd ape Saee fike ethad
Celate, bty b aleaio!l, and methy ] ethy) hetor e which can be partiolly extracted with woter, Tuke
whiithh wile (Cf froen ghe TErsD gater extpactian o add to G J00-m1) pradeanly, Briasg le

. Ll "

190 (nl waly water and miis thoruughly. Dote cndpe the solubility aond comvert 1o 75 solubhilily o
teryn s af the oripoual,

(" sl HAnsol) o 1st estraction = " solubility o terms of the oripinol,

Tuhe 1he conslonts on Lhe supernalanl jnd caleulate the conslants on the Soluble portion,
10 pou wisky, 3he saler daser cant ine sepaocabed and saturated with NaCl o sall vut the soluble solvoent,

i thin 1 ", tBe recovered golvent gan se dricd pver anhydrous Na 50, and canstants faken, or
[ = 1

e pp-abe el can be aislidoed,

-v
nk i

It iz well 1o remember thal the cecovercd selvent i3 only part of that which is proese

The renie ader will be enticely =oluble in 409, [L.I‘-'n[Tl"l or an £0-20 mixlure of “'qu il “'illu-l

The superastant fFom o4O oxtraction iy removed amd pluced in ancther geadadte,  Add

an equal velume of HO ]].jmﬂ; ar an J0-20 H1‘5?.?}.1-11:]F'IZZ‘.'_41 mixture, {The latter ciuses Jess

bydrolysis of eslers, so 1hat by diluting the acid layer 1o 3 or 4 yolumes aml saturaling with
Na, S50 L the esters can 3¢ pecovered along with the piier compoenents, except unsatupraded hiydro-

Carkons, vnckanged.) Mix the acid 88 solvent thorouphly, and determine S seolubidiy. Taloulate

Alnat orhas is of the originagl,

{™ 2ol )% witer insels = L werms of the oripival,

Take the constants o the svpernatant {(inselubic in H07, H”..!'-Z'LI_1 or- §g-2q EI.JFU4—II_ii’iJ41

ang caleulate the constantz on the saluble partion,

IF the solvent contaanz turpenting, the acid layer will e redd, i5ters pive an arange color.

Lirohols and kelones usoally give ondy o very light vellow,

1l esters are prosend, thas a3 adicated by o hgher calowlaled spoeifie gravity than thee

wpccilie gravity of aleabods and he'lone s,

L ar - . - . a Ta r - Tk il g « £ W .. - - m o P - - I

- - Waf

13t


http://iikaleji.il
file:///leohols

.

L-B L oy o=

Fhie partuvm ansoduble in #0595 ”-JH"'},JI = roecovered aned placed i oo graduate, oo T g

ab aur B Tuming ”'.ISU.]{HG'HHIE" {rowe 5[}.5] ig added, This is carciully ond thorouphl- ooeged, T
bosnludiility is determiined, Caloulade wihat this represcents o terms of " ol this ergaoal, T ke
the constants at the portion which s ipsolutile In fumning H,J,‘:"-'Lil‘1 fnusy e pipettest by vacuun

becanse of the Tuming [[uﬁlli}_

The soluble portion 15 an aromatic or halegenasted aromuatie hydrocarbon, snd e

reminnder consists of aliphatic bydrocarbons or balopenated atiphatic hivdrociarbons,

Iart of the vriginal solvent or parts of the fractions from distillinion can b usanl Ty
test for esvers, ketenes, gleohols, and hulugun:llud hydrocarbons, (I steom- distdlhead, the water

Liver will have Yo be cheerned [or methanod,)
[, ‘I'est for dliscibility

APPANRAT Us

Gradoited evlirabes, -0, glass stoppereo

petles, LO-mil, volumelric

HREAGENTS

Hydrochlurie acidl, cong,

Saifuric acid (8007 vol, )

- mmamar =

Dipzethyl selfate (Caction: Keep off sikin,)

AXALY TICAL PRUOCEDURE

1. 1ipetie 10-m) smmple into dry, tared, pradusted exlimder, Yheyph and

calowlatye sperilic pravity,

2. bl 1D ) woler and mix peplls,
a. Compleie miscibility eacius:
Cll Saturaded abypnakic ysleocarians
{2]  Aramatic hydeacarbaons
{3} Hatopenated, satupated aliphuatic or arotatie livdeoea figine
4] Cdrpatnnic aeiels
(o) Woeakly acidic compounds, suciv as:
(IS I R PR TE BT

+ TD g 4 Orr L R L, T 0 b IR N L BL

LRI S L A 3 PR Y L P

14



-

el I'ramaesy widd secandiors nitra compouds
fed]  Clvuimes
(] Ymiowe agisds
{ii) Soeuteal cumpaunsds
i Vel 100 o] =elvenit to VO il o BHETL (a1 10D H,*HU:L ey grentls

By povecting severdl tunes, Lot setlle], note valun:os,
G Vomaplete smiscilality ncludes:

(1] Noeohials

12} [ JESYREY AR

(V) Aledehind -5

(4] Ketunes

{ 1} UInzaturated compaands
{h) Anhvdrindes

i) Ithers

Livk (S EA YRR IIT LS
b Uemipletes insnouhilye

LY Siluraned gaigplatie aml aramatic bvdrocarbons

izt P topezannd satuvateal aly ntic aoul aremattic byvdeacarhens

] Vi, vaulivesis, T -me Sampde to T dimselhy) sebphole in peadisted exliseer;
stopper atsd ove el severeal tomees [watel: for pressere whoen relieying stopper),
Socatnibies s oo indes 2o the arnmeohie coetent. ML however, the selobitbyy exeeeas 257 ailube Jhe

BallLgeals U DFTE N NS Deptane, heneene, 0 pelroieas elher amd repeat,

CALOCU LA TIOENS 20 MIACIHILTY

1H « {yol. orig, - vol. final}

.omiscibialy - . i -— -
vol, orig.

il. T'est for Halogemated Hyvdrocasbons Usng the Deilstein Ta2st

VAALY IO AL I"RHOCIEDOUHE

. Prvpare o smadl copper ae, supperted o plass tabing handle,
it o =nall Jowgy b thar el

! Ileat the vire wntd oedy o acellow Moone exists, o ool mell vicy;
use e al [Lamme,

L. Coal ware loop, i anto =ample,

HA Bieat i The ecdige of thie Saone, A B culur tdeecotes o Lalagern,
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NI Deotermination of Aromatic Content by Fefractive
Index and Dispersion Measumemien)
ATIPARATUS
Refraclometer, Akbe tvpe

Graph paper, rectappular

NMEAGIEXRTS

Pure benzene

Purc igoectane {2,2 4 trimethylpeniane}

standards, 207, 4073, 605, BO%: mixture {Uy volume) of benzene in iscoctan:
ARALYTICAL PPROCEDURLE

1, Determine index of refraction and digpersion vilucg, using th-

refractometer, for the standards and unknown sample,

d. [l inAix versus <> aromallc,
3. NDetermine specifie dispersion using (he refraclometer nomograph

and consSity of samples,
4, 1'lat specilic dispersion,
3, Compute the aromatic compesition of unknown, using Lhe two graphe,
IV, Determination of AMethyl hetaney
AVPARATULS
Apot plate, while

REAGENTS

J'"'l.f‘l_"'lu:ll'.}

Sanple solvenl

Sodium nitreprusside, 5%

Sodium lvdroxide, 107

Acviir acid, placial



e T N L A A N Ry

l, frdan =pol ot depres=gome o acld bodiog EESLHTTIT mteop ussple 4
e 5000 SNV To o deope of oeguerous o ade obaloe saple sl te a

e al a et Tor vampari=on,
g WMiter Lo =Lt i, bl 1 o 2 sirops et o il

i, Vopuepde cglodr tnthueates the prescace ol o aneths L Betone,

V. Deteprmetion al l=ters

1 Y B B

o drosa Lo, saturaledd adeoholiv solution
Polanstam by deoside, saturated aleoholic solatian

Vi b acetane

Iy drocehlorw arnt QLN Dilure BT el HCL to Jou il

Forrio-chlorde solation 41 ) - Lhessalve |og Teeric oblogside LOD 0] 14000,

YA ALL S

Crucihile, pogesbapy, 20-10l volurnee
Micro buriere ¢ iu.'-n_'t:l_.l_ill. L b

Iing staml Tue teianele =upjuort
VALY PREC AL ITIOCED 1L

1. Fer o stpepe o ot wkeomn oo g uc izl owchl odie deape M AL« HET =ola? o

* 1 e KOH =ctubion, Hheat wetil buiblinge hegane,
2. Coonl, ot 1T ooz HEY « 1 bron l":'l'li.
i, e g bt umlicade s the presenee ol an ester,

, Vv g ddeogs ul o lacetate, kel 1oadrop SH O 30T - L deop ROLE Dot
and, ade L adtop THCL = 1 deoy 'I"+'l'li. Note colae fos comparison sl

~a ],
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VI, Diereranisddbomy uaf YVleohols 800 eate: Lot )

RGNS

Corre nitrate redagent - Bissolve 20 p ceric aonmonidim treate o

220l warm 2X IIN[JT

ANNLY TICAL PROCEICRI

1. T 2 il ol aguenus sedution 0f unknown in o test tobe, athd 0,5 ml
cerie nitrole reapgien Shase,

2 L tihe proescoee of alestace, P eGlS, Dvirony Loids, Bvnroxn o sleis,
et ladraxy adechyides oo aclomez that ceniain nal 0 are L T8 garion

o, the sgluticn ehaespes Do i breigst velles tooancber, Colloas -

o, ul readl [ole that nhcnols prodeee o groee-hreae o brew s

Srecipitale,)

(AR D BT ELRLEIER FP N TTPRS KRN |

RLEAGENTS

Hotassiom permanganite reagent - Dassolve 4 g B MWU{ i Loyl 357 II_{I'UI;

-_— Rrm_ == I —mm 1

vorttbined with 30 ] distilled waker,

Oalic acid reagemt - Dissolve 5o oxalie acid in 100 ml 1:1 II}.,:':IJ-1E

Schilf's reapent, modificd - Al 002 poof fuchsin to 120 ml of el waler, cool,

add 4 2olution of 2 p anhsdrons sodiom bisullie in 20 ml of woler, iy
thoroughly,  Aded to mistnre 2 ml vone, hydrochlorie acud; dilule 1o 20600 ]
wilth wiler, Store in o owell-stoppeied brown bottle in the pefeipgerator,

IT ooy resndual coler semains ey Uhne pesopenl, remove by pas=mng o =1rvam
ol =Y ahrongh the tedogdent,

-""I:J.lithu‘_ll n'.v.::_l'u;l!'u:l .-'_l._'.luilu_" < Tlaue ] B FTNNLT T (Y RS TN E T PRMs FRLY.

A (1 s Loeepunivalegt oo 5o OH i'l. it1l.

I SRV LT

Grocaatedl s lioers, gl oox wrepgaree e, 25 g oo 10000

* LN
I- ;:‘1 A ]
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IYNALYTIOCAL T"REOICEL:

1, Lo Bend o mknewp {Dgueous) in o 25-m) graduaded eviimer, add

L,20 il vl aleonal, smin, ansd aad 2ol BAMN), reazond,
"

2, Yliow e dur LG mminutes,
5. Lh-col e Fosution with 2 ml oxalic aeid  agens,
1. Adhd oLl hdMs peapgent mIX end alics Yo sel for are howrs Head

S XY AT
3, Comipace  ith itaasdird {.'H.iUH (1-2.9 mp) teemtod e Sae way
Al At U came Lk,

li, A viwlet e indlicates naethaccl,

i. [f color I o intense, dilute entire sample to 100 ml with woter,

antd rooel ain,

Instrumoental an. -%is omd technigques bave become extromely helpfol in prodver identili-

catien, The Tellowing tat punhicates a possibile spproach,

T's 33 Vellnnds to g Teled

A,
- - B . . ¢ e — - =

Orpanic Diid s curoncatograpin, birared analyses ol GO,
Practions, Tractiosm] Jdistdiandion, :onsitg,

refraciive ivviey, Infrare:d caly =i of fractione,

Orparice solia Kie pellvt infraved, Soshlel exiraeiicn, organe
Guithilaliwve scheme, torgasnie calions ol anions

Inorgucic Linquii. Spectreeraph - anss aaiithtive schene, atomni
(W.ler solution) nd abesorpt i

inorpanic salid

Solvent extraction, pas chromategraphy, infrared

Crlues, canuls=1an , soapa, el
analysis, U stancaed nacthods

After the annalsy: of o product, il is somctioes of pgreat value Lo synthesize {0 oo the bhasis

ol the deternaned constit nls, For example, a4 commerical poinl solvent 1= found boocongist of

five components, cich oo ributiog 20°% 1o the total noxture; o santhetic sanple is nsohe il the

sublalvn) spen by wij T T I T I R 11 11 H:nh'l.lll.ln y .n...i:ll'.-- T TN L LA Al ' lll?il:%j‘\

undeteried component o any viariabion in uantitabive fttos skl be unmedotels eonbent,
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Cheronis, N 1), Entrikin, J, B3,, and Hodnett, E AL, Scemimicro Qualitutive

Orpanie Analysis, Interseience Publishers, Inc,, New Yo ¢ 11466,

Leigl, Frisz, Spgl Tests in horgunic Anulssis, lranslated by Ralpk 1L Oesper,

—— e wr— T T r—

“Isevier Publishing Company, Now York, {5th English Edition), 1962,

Feigl, ¥Frit2, Spot Tests i Drganic Aoalyvsis, truangiated by {Gdpic 2, Qusper,

e

Elsevier [Mublishing Company, New York (6th English Editonl, 1964,

Lanpe, M. AL, Handbook of Chemistry, MeGraw-11j]] Book Cea., Now York

(Revised Toentl JSdition, LOGT),

- .

Cleveand (32wl JLdition, 10732),

Caonley, Hobert 1., Infrared Spectroscopy, Allyn and Buean, ine., Boston (196G},

Bellamy, Lo 1L, The Inlra-red Specipra of Complex Molecgles, Joln Wiley & Sans,

Ine,, New Yook (2nd Editlen 1U6G).,
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WATER DETEAMINATTON IN GASES, SULIDG, AN OHGANIC SOLVEXNTA

Waler in various samples is delermines by Karl Fiscler Sitration using twe Peecision

aennfie Company Auto-Agualrader.
APPLICATZONS AND LIMITATIONS

The Kayl FFischer seapent, 2onsislng of o mixture of pyridine, sulphur diggide, iodime,
aiilmethaoe] Feacls with wdter to give o resistance churge due tu ihe dopelarizalion effcet on Ly
cleeirgdde,  The Auto-Aguatrator conductomeaetric Ltration climines eroors af ealarimettie -Gy pe
el points, Fecords Lrue conatont coad palins, and permits vdteation of SUSPURSIoN ar colored

soluticens,
ANTARHA VLS

P'recision Autg-Aquatral or, follow munulacturers setup procedures,

Glass svringe, Homilton No. 705, 0-0.0% n)

REAGENTS

kirl Fischer reagont, lirleco Ko, 27HG or equivalent

—_———————— —

hart Fisctier witer standspd, ¥ omp 1,0/ mi Barlece No. 1840 or oquivalont

Farl Fischer solvent mixture diluent, Narlecw Mo, 3700 o equivalent,

Melhapul, spectroanaly2ed or cquivilem,
AXNALYTICAHL '"ROCEDURE - DIRECT TTTRATION METIHOL

In the dipeet titration mode, Rarl Fischer reapent is added aulomatleally 1o a4 moisture-

Leaery:, sample until a moisture-free state 15 reached,

1. Set selector 1o "direct adjust’ sunl adjust meter fo full scale with

“Direet Adjust’’ kneb,

? St selector to "Direct Titrstion™ and sef meter low st point (left red neeole)

to B pamps. 501 mocter bigh set peiot [eight rod peshlled 1o 15 pamps,
:Ln SI.‘[ ”IL:::'-'E- ‘ﬂi.l'i'l. Iiﬂ]tl” L :ilj :.L'-_I-l'u,‘-".ll.,;'

+. Fil Rarl Fisciwre Lurette,



Vaur 25 m] mothanal solution ino the Pedcticn vwsse)] 50 df G cover 1he

:.J-I
clestirode tip,

G. Turn an stirrer and stic slowly,

7. Add enough ®Rarl Fischer reagent until & dark brown coler is reached,

N, Injoet S0 pl of wuter so either o yellow colpr appears or the current drops,
Stopper the opening ond vacoum -purge the vessel with the pump switeh
provided,

, " ergg start bulton apd allow upil to titrae 10 the end point.

14, The svstem i5 naw eeady for calibration (step L1) or running of actual

samples. {step 12),
11, Far calibeation, the fotlowing methad is {ollowed,

4, A microliler syringe {1 ul = 3 mp) is weiphed before amnd afier
wazer {ntroductisn intc sample vessel for the actual weight
of waler dispenced,

b, The solution is titrated with Karl Fischer reagent and the

volume recoided,
mp waler introtucced
volume of KI' reagent

kKarl IFischer titey =

&

12 A weighcd amount of sample is BHroduced Lo the reaction vesscl and

o

the solution is then flitrated with Karl Fischer reagent and the voiume

rocorcoetl,

CALCULATIONS

Sample weipbht = A mp.

Ta:al volunie of WF reagent reguired ta reach cod point = T il

1+ IIECI
K titer = C T RF

frem colibration stepd
3o mg water in sumple = BxC =D

T2 Water in Burnple = EI' x 100

—_—

A
Reference
L. ¢yrerating instruction Mianual for Precision lutp- Aquatratoy, Precision

srivatific Co., Chicage, Hlbwss, 19572,



SECTION D

CALIRHATION OF FLELD TS THUMENTS

Abslroct

In reconi years a jarpe variety of eleetranic monitarinp instrements bave been deveioped
far measoring coneertrations ol chiemical air contuminaticn, These are secondary messaring
devices that passess many potential sourees ol error and as Suclh must e calibrated ofien, This
seetzon gives the everail procedures for calibration of the field instruments currerntly in use

It Sandia Lahoralaries,

Colibration of fivid instrements may be delined as the determinadon ol the detaal values
of the scule readings of hat pocticular sirvinent. Instremenl cslibratos ineluces Aaree variables:
(2] instrument reading or indieatian; {b) quantity of comtaminunt in the air; and {c) quantity of
air sumpled, Te correlate these factors, a micrachenical laberatory and analytical chemists are

esseplial since minute quantities of chemicils are nvolved Lo the analysis,

Moethods of producing known vapoer concentrations are butch or stalic systems and dynaniy
or cantinuous flow systems, Mest all of the instruments used by the ficld proup at Sandia Labori-
tories can be calibrated by the siatie system so it will bo the only une discussed here, In Statie
systoems, caleulated amounts of gas or liquid are introduced iole a 5-liter glass bottle or a H-liter
flexivle e plasiic boag and then diloted with an approprinte amouwt of clean adr, The instrument
to e culibrated is dhen hooked up to the system and 1he meter reading is noled, The caleulitions

[or preporation of static mixtures are bascd upen the Perfect Gus Law,

vel, of tesl pas in mixture in liters . IDE

e —— -

IFor pas concentralions, 1°1H'A - - —-
h * vial, of mixture in liters

ey 224 A 760, G
(v ”I} [drasity) W' 3 273 -JK_P_ x 10

For volatiwe liguids, 71'A = - - . — =
Wi ' vpl, of contalners i Loers

wheep

lemperatare in dogices kelvin

[
[}

1' = pressure, torr

I [ Il.u



Jolinson-Williams Products, Bacharach [nstrument Company, 2300 Legharn Street

The mndel GPK is & combined oxypenfcombustible pas ipdicating detector. The axygen

meler reads direet]ly in the rapge 0-253% oxypgen, The combustibles meter reads 0-1.0 of the lower

CALIBILVIION OF J-W AMODEL GHE COMBINED OXYGLNS
COMBLRTIELYE GAS DETECTONR

Mountain View, California 94040, {Sen ¥igure 10)

vwnosive gt (L2 L)

ANALYTICAL I'ROCEDURLE

I'i

Witk bnastrument off, sel both meter pointers ta zero on the scules,

Turn the funetion switeh toe the Volt Test position, ‘I'he oxypen and

combustible meters should bolh dellect upscale and the ntegral
sampling pump should come an,

Vlow inslrumicenst Lo warm up for 5 minutes and then pull upwards
un e Dy pen Callbrute kno amd adjust mrier poiplor 1o ndicae

217 wyvpges an the seale,

Lse e Vol Adjosl Knob te set ineter pebster on the combustibles

—— -

sTule v Athe preen arrow {('Spd Voltuge Marr'',

Tura the Funetion Switch wg the ON position and wse the ZERO

MAIUST 1o s¢t canbustibles pointer 1o 2eroe on the scale,

I'ropare a known sonount of the gas or vapor that is 1o be measuared

in lhe <talic SvSlem.
Conneet the static syslem 1o the detector and obserye the mebe e

I:‘t".h.ﬂ“g::_

Hepeat Tor 2 or O clifferent gas ar vapor caicentrations amd proparcy

calihpation curyv.x,

lul
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Figure 10, Model GPK Combined Oxygen/Combustible Gas Indicating Detector
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CALTHRATION OF ) -W X0LEL 535-17 SUPERSEXSITIVE IKDICA'TOR

Johnson-Williams Preduets, Bacharach Instruments Company, 2300 Legharn Street,

Mountain View, California 84040 (See Figure 11)

The model 85-17 i6 a portable instrument for measuring gembustible gus concentrations,

Lin its D-1090 117 seale, M oran measoure coneceniraljons st or below TLY levels, Corcentrations

in the ¢xplosive range carn be measured on the 0-1,0 L E.L., scale,

AXNALYTICAL PROCEDURE

ll

With instrument off, set meter peointer to 2aro on the scale,

Turn instrument on by turning seiector switch {0 VOLT CHEK, The

pump should start and the meter will po upscale, giving an indication

ol battery vollage,

Allow instrumem o wartmn up for & minetes and tarn seleetor switeh
10 EXI’L peosition, Set meler to zere by means of the EXPL zero

adjust control,

I*repare a known amount of the gas wr vapor that is 10 be measurcd

in the static sysiomrm,

Cannect the static systom to the detector and abserve Lthe meter
ryeadings,

Repeal for 2 or 3 different gas or vaper concentrations and prepare

a calibration curvye,

For checking very low concentrations, purge deteetor and reset zero
carcfully, Move selector swileh o PPM position and adjusi to zero

using PI’M zera asjust control.

Repeat steps 4, 3, and G with low concentrations of gas or vaper o

Lr testied,

| LI



+91

Figure 11, S5-P Supersensitive Indicator



CALIBRATION OF J-W SENTINEL [NDICATOR-ALARM

Johson-Williums Producls, Bucharach Instrwnents Compans, 2300 Lephorn Street,
Moumiain Yiew, California 330490

The Sentices Indicator- Alarm  is 2 poriable instrument for sieasuring combustib?! - gas
cotrrnatrativn, 1 uses a diffugjze Lype of detecter, which is pxpesed to 1ke ambicnt atmeosphere,
Cuonecstralivn i the explofive range cun be measured on e 0-1,0 L KL, scale. The sersing
hoead ean e gperated at distances of up te 15 feat {ron. e Senlinei, using o exteneion calslle, It

nlsn pontains an alarm vireuit whiclk aetivates an acdible warning wken the a.ar.n setting (3 oxceeded.

| LR AL
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CALIARATION OF MSA PORTABLE CARBON MOKNOXIDIE INDICATOH

Minge Safety Appliance Company, 201 North Braddock Ave,,
Pitisburph, ¥Pennsylvania 15208 (See Fipgure 123)

The MSA's Portable Indicutor is o battery-powered instrument designed to measure

¢itCbune menoside iy the atmosphere in o range of 4-500 PEPM by volume, It also comes wilh 4

Lutlery -oporated aluprm unit,

ANALY TICAL PROCERLRE

[ab

Wil instrument OFF, set meter pointer to zero on the seale,

Turn wstrument o ON pasition and allew the Instrument o wiarnin

fur 10 mwinules.
During waprmuop, admust the Jowmeter 1o 4 on e scaie,

Afer warmnep, £ere the meler by adjusting zero caontrel with o
Arcali setewdrover,

Dopross the sample inset valve Rzing, A e same time, slile

e aneter cover b e Pighs, over Bie ialet [tling, The seler cover
toida he naet vilve in SASII'LE pozition, while exposisg the entice
frete - SCdle ook for simple meailorung,

(NCrT e Readyust ke samplie Dowmeler, i necessary, Lo kees Lhe
oo conitrol a8 4 oi the scalel)

Frepare oo known amowant of €O in the sialie syslen:,
Conueet the static system to the detecior and abserye the meler
roadings,

Hupeat for 2 pr 3 different CO copcentrations and pruegys re o

calibraowen comve,

o=
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K

i

gure 12, MSA Portable Carbon Monoxide Indicator



TALIONATION OF J-W MERCUIRY VAINOH SXIFFER

Lacharach Insteument Company, 645 Alpha Dreivy, HIDC Industrial Hark,
I*ivsburph, Penosylvania (See Figure 13}

The =W Aladel MV -2 Merpgury Vaper Snifier is o dual-range ;-artable insStrument lfor the

. - N , . . . 4
detectivn and measwrement of mercury vapor, The indicsting meter is calibrated in 0-1,0 mgf

!
apd G-0.2 medm .

ANALYTICAL PROCEDURE

1, With instrumuent QFF, st meter pointer ta zero an the scale,

d, Turn conlrol knob 1o "'V pusition,

3, Turn ‘he "Ambicm/ Filtered Air'' kiob to the '"Filtered Air' position,

1. Turn eortrol knay o the 7i,07 position and allaw 2 2 -iinule warmuag: pericl,
5, Unlgek the cluteh on tiie "Zcro Adjust’’ knel and ad:ust metzr pointer

1o zerv, Use "Course Zero Adjust ' i the pointer il not adjust to zero,

G, Tuen "Ambient/ Filtered A" knob tu UAmbent Air position,

1. Prepare a known amount of mercury in the stotic system,

B. Connuet the stalic system to the delecter and obrerve the meter readings,
J. Repeat for 2 ar 3 different nieroury concertrations and prepace calibextion

curves for both meoter ranges,

Fipare 150 -0 Aokl MV -2 Mercary Vapor salter

I



C A PRIV TION OGF (REASTHD MODEL 1003AT1 Q. UNE MONITOH

Dastly Uorproretive, 3221 Noplh Verdupe Road,
Gleniksle, Culifornia 21208 {See Fipure 1)

T he Pasab vronoe moniter continuowsls measures the gzone concenlralicn wn air a1 PrA

peviels wlneh cani by oread direct]y on the front pasel by o digital! readout,

ANALYTICAL PROCEDURE

L Turn on pover switeh and let instrument warmup for 15 to 30 minutes,

Lqen fram pane] door and move FUKCTION switeh to SP AN,

. Verlfy thar the displaved neniher corresponds e the number whicn is
Al inte the four AUTO SPAN SET switehers in the access pinci,
1, Heturn thie FUNCTION switel; to OPER,

B Culiieate instfurmnent by preparing a knosn a2ane concemraticon ;oo
phsereing the displayved pumber, (A procedare for preparing a wnowo

conconteition bl vzone i lisied on page 173),

Fapure U, Dasibg WViende! 1T AAT O 2o AMuntor



CALIBRATION OF OAON] METENRS
{Titraticn Motheal)

Abszlract

L2 eee iy abSored o potassivre ladide and the wxline released s 1rated s ith standard

~uiijuin thiosulfate,
APPARATLS

Alidget bubbler, 19 ml volume, oil plass (Fipure 15}

Dzone Generatar, cammercial unit or equivalent {Figure 15)

Mixing flusk, 1-liter [Qusk with two inlets and one outlet (Figure (5}

Cojlecting Bagy, Saran FPlastic Bags - 1.3-1lter capacity

Air -metering Jevices, gass rotameters capable of measuring a flow ot

0 1e 2 liters pey minute, and from 0-100 ml per minute,
REAGENTS

"otassiuwm iadide solution (375) urepared fresh ooy

Slareh indicatius sofulicn - Dissolve L g s “i¢ stareh in 100 ml of

boiling distilled waler

Ilydrochlerie acid, 1:1 in distifled walcr

1«70y

distilled wiuler, Stapdardize apainst [ o H_,Cruﬂ,?.

Sodiwm thigsuilute {Q.01N} - Dissolve 2.3 g Xa = 15,0 in 1 liwer of

Fotassium dichromate, O IN, 5 g dricd (C30°C [or 2 hours] E{Ecr_‘!{j?

dissolved in 1 liter of distilled water,

wil K, Cr,. O
Nz 2 21
- 149,04

- —_———

class siil), add o erysial ecach of HM-:U‘; and DO}, and redistid],



Qrane
Ceparatar

l k" Rotameter

Alr gupply 1 fIgM HEidget
‘ pintpeler bubblex
ar
Hixirg savan
flask I
Alr supply 1I i i
IFigure 15, Schematic Of The Ozone Generation System
ANALYTICAL IPROCEDURE
1. Allow vzone muler to reach operating conditions (30 minutes).
d. Scl the yvohape dial »m szone meter to 90, Adjust air supply [ Lo

read #00-900 mi per minute and air supply O to read T0-89 mi

per aninute.

+, Sel pot «dial 21 0 and allow 5 minutes for generator to reach
operating conditian,

1, Collect o sample in 10 ml freshly prepared KI for 5 minutes, add
ielonh stirping bur, and place op Mmagnelie stlrrer.

5 Add L ml 1:1 HEL + 1 ml stuareh indicators,

L. Titrate with standurd thiosulfale to the colorless end point,

1 mil 01N l"'--‘.l.:r.,ES2

1. With generator settings unchanged, connect Saran bag te outlet and

Q, = 0,24 1ing gtone.

catleet for 5 minules,
B, Usve vzonr in bag io coalibraie ozone meler,

2L St pot ajal from 1-9 and regaeat Steps 3 through 7.
STANDAIDIZATION OF THIOSULFATE
Dissadye 5 oK1+ 34 g ."*-‘:JH[‘DE in 300 4] 1,0; add xlowly 1:1 HCY until pe more

CO, s released, then add 10 ml excess 151 HCL Add 35 1m0 0N H_]Cr_,U_. W 11e]

Py thoarooghly, Add Sticring bar and plase on mapnetic sterer. With stirpg,



titrate with thiosullfate to a Light yellow, Add 1 ml starch indicator And

titrute until the blue is replaced with the pale color of CrC]E.

OTHER METHODS

L. 11, Bovee, "Determination of Trace Concentration of Ozone by Use of

-Sodivm Diphenylamine,” Ind, Hyg, News Rept., 3, No, 7, July 1960,

Medsurement of Air Pellutants, Division of Air Pollution, U,5. Public
Health Services, Pulilication No, 99-AP-11, May 1065,

1753-1%0



CALIBRATION OF DAVIS HALIDE INSTRUMENT

Scoit Aviation-Davis Instruments, P.0O. Box 751, R1, 29 North,
Charlollesyille, Virpinia 22502

The Davis lalide Meter is used for field dotection and meagurement of halggenated

hydrocarbons in the 0- to 500-FPI’M range.

ARALYTICAL PROCEDURE

9,

V.

With instrument OFF, s¢t mcter pointer to zero on the scale.

Tuern AC switch to OXN positicn and allpw instrument to warmup for

12 minuies.

Adjust flow indicator tg green or black line by means of "sample knab,"
Alternately depress and release "Are" starter button If arc has not

started,
Push "Key'' down and yurn filter valve 1o "Test,"

Turn OC switeh to "ON" and adjust meter pointer to zer using the

“"Zera Rey Down'' knab,

Release "'Key'' and adjust meter pelrter to zero by using the

“Zerp Key Up™ knob.
Turn {ilter valve to "Hun.’’

IPrepare o known amount of the gas or vapor that is to be measured in

the Static system,

Cennect e static system to the detector and cbserve the meter reading.

Hepeas far 2 or 3 different gas ar vapor concentrations as J preparve

calibration curve,

b



CALIBRATION Ol GASTECH HALIDE DETECTOCK

Jolnson Inserument Division, Gastech, Inc,, 2560 Wyandotte Strcet,
Mountain View, California 94040 (See Figure 16}

The GasTech lalide Detector is a portable ingtrument {or detection and measurement of

al] airborne halpgen compounds,
ANALYTICAL PROCEDURL

). With instrument QFF, set meter pointer o zero on the scale,

2, Put LANGE switch in the 10 pasition and turn lostrument ON. Press
SPARK ON button to start apark,

3. Adjust [lowmeter to regisier within the lipht kand and let inst:ument

warm up for 15 minutes,

4, Insert sampliap line inlo charegal Jilter on back of ense and adjust
ieter pointer 1g zero, 1Mut range switel inta 3 pasilion and then
into 1 positien, carefully adjusting 2ero each time,

5. Prepare a known amount of the pas or vapor that is to be measared
in the stiatie sysleom,

G. Connect the sampling line to the static system 2nd observe the
meter readings on each scale.

7. Liepeat for 2 or 3 different gas or vapor concentrations and prepare

calibration curve.

Fipure 16. Gastech Halide Delecior



