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FORWARD 

This manual was compiled from techniques used In the Environmental Health Labora tory 
of Sandia Labora tor ies at -Albuquerque. New Mexico, and is a revision of an e a r l i e r publication 
(SC-M-U7-3044) edited by Lial \V. Brewer . The procedures a r c s imi la r to those used in other 
labora tor ies devoted to Environmental Health practices t Some of the methods are standard and 
others a r c modified to suit our needs; o thers were developed at Suudia. The author has attempted 
lt> preseni all methods jn a s imple and concise maimer, but in sufficient detail to make them readily 
usable. It is not inferred that the methods a r e universa l for any type of sample , but they have been 
found vcrv rel iable foF the types of samples mentioned. The author will welcome inquiry for c l a r i ­
fication of any part of this manual. It is the des i re of the author that this manual will be of u*io 
and se rv ice to o thers . Now and revised procedures will be issued as supplements to this document. 
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S H T I O S A 

- \ H S C J ] U P T I U N SI'ICCTHO^JIUTOMKTHY 

Tin- applies'.ion of ;il>+sorpt Ion tiiK'Ciroplioitiiiii-Lry to the analysis nl various EiuJterLHs ih 

presume si in i l u * M^r-icm* Analvsis by optical sibsurpliun h:is two a v e r t s , c o l o r i n i e i n r ;mij 

> j >ert rophui 01 net i - i r B 

Co lo i ime t r i c analysis is iJu1 ^ " terminat ion of ihe cunci-*hit*aiiim of co]ur(_-Ei suhsianct-*; 

b> i l i n i " color intensity tu a ' ipvcif lc tfpeetral region* 

Slieetropl 'otoineiric UmilysU is the tk-lcrHiii isil iuii of the commit ra t i on ol ;i juihstance 

ar rurd t i ig 10 i ts ah+surk : iun of a specif ic xi ionurhromatic radiat ion, [n ihiK methud a special 

solution nmsT be prepared for the determlnatiun of each muiur i f i l ; the method is suitable for the 

rouUne ik-tortninutioh of a f»£vcu clement in a j ifvcii medium, hut run fur roulfni; qualitative ansilyHis, 

The t;e[K-r:il pr incip les and ch;tiMcEei'i&ticit of the method. Including thu api^iratus, uit-asuri 

ineni techniques, trie*, *ire i;Lven In the fuUouLnjf ttuclioii. 

'* in 



AUSJ'JNIC IN AIR, U U M ; , AND WATKH 

Al i s t rae t 

AJ-IH-II s a m p l e s a r e r educed to Ir ivaK'nt a r s e n i c , evolved a s a r s i n o f*as and co l lec ted i 

Mlve r rliL-iJivldiLlum-arhumalo which i s then d e t e r m i n e d c o l o H m e t r i c a l l y a t 5G0 nm, 

ATl 'AKATUS 

Siiuclru^li^iumctor^ EJeckman DU o r equivalent with 1-cm c e l l s . 

Ai-sine g e n e r a t o r {F igure | J 

\ G e n e r a t o r Flask 

]l .Scrubber with g l a s s wool plug 
of lead acetaR" 

C lilvululion luhe 

14 £ 1 ' 
Kif>ure 1. A r s i n e G e n e r a t o r 

KlIAC LINTS 

Sulfuric ac id . cone . (1 a"!. H . . S O ) . _ 1 ^ A 

Nitrjc^acjd, cone . {10% UNO ) 

Hydroch lo r i c ack) , cone . i'AH% IIC1) 

I V r c h l o r i c ac id , cone , (70To IICIO J 

•^l_digetvUorii m i x t u r e U, 3:1:) cone* H i a > 3 ; c « » c - H^SO^; cone . HClO 

• \ r svruc S tandard solu t ion (1 n i g / m l ) - D i s so lve O.GGO p A s . ? o i " 10 » ' l of 

JQV„ N;iUH ( t hen di lu te to 1000 m l . 

Ammonium oxa la t e , s a t u r a t e d solu t ion 

Stannouj*_chloride so lu t ion , 40 $ s tannous ch lo r ide d i h y d r u t r d i s so lved in 

lftO m l cone. 1ICI 

Tota^siuj i i ioduje_solution - Disso lve la £ Kl in 100 ni l wa te r . 

h e a d a c c l a l e so lu t ion - D i s so lve 10 \t lead a c e t a t e in 100 nil wa te r . G la s s 

wool in ;he s c r u b b e r *s s t a k e d in Uus so lu t ion , d ra ined , and d r ied . 

S i l v r i ^d i c jhv ld i i h ioca rhama ie 

/ . m e , g r a n u l a r 150 im'sh 

I'^rtdine, \.R_ 

Xr^i^ii" at*>orl'iin: >iduliuii • 1 c ul s i l v e r divih\ idilhiiH'arh,irr^*li JiSht*lu-'J m 

200 " i t ol \ . K . j i \ r ic i lne. >mlulii>n 3** then f i l tered i 'rftire i***e. 
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C\LCVL.VnONS 

mg As/1 u rme _ t*E As j f rom curve) 

mi of urine 

rtig As/1 water _ jig As _ _ _ _ 

mi of water 

nig Asfn* _ mg As or 
3 

m of a i r sampled at STl ' 

^ A & 
l i t e r s of a i r sampled at STl* 

llt'fL'rt'ncOH 

1, "Determtoatiun of Arsenic in Air , 1 1 Manual of Analytical Methods, 

ACGIH {1938}. 

1 < li 



C K U J H I M : IN \ i u f iv-vn-ut, \ \ n UASN-JWATKK 

AhMrnt:! 

1 • L-Iluvv m l u r ^ *U vulu[K^I wlirn ti-Julidii io i> r i -^tu-f l u i th eh. r im/ in ncic! soli ' i ion* 

I Itr iniiMimJm uhi-uriJlltui US ai AH* Hni ^inl alsn :il iMl MinL ,IL j j,(] of L*-, 

A T P U C A I KINS A M ) I-IMITATIONS 

This mcihoi i runislurf i iho tu la l av^ i l j l i i u clilui-inu ;uul in r:ipi*l unci S imp ly I ron , *IL:LXI|>IL 

n r M ' f ,m<f iul r f lv m i l ui irrJVr* 1 I:V*:H in Mi ia l i i|uuriLllic*-r i Thi - rarijjir is G-1 l J P M a HIJJIILT t \ ice • 

; rJUon can liv anuJv/tHl In OiluUni: ihc s i m p l e 

A H M H A T U S 

Ihich t u l u r i m v l u r 

I T I I U i l l M h h h r or^rmd^iU j m ^ U i ^ c i , J I I plJ*=* 

VssurUJ l i i lmr ; i lurv iz ls^r^vru 

ruatiivNT> 

lh»-h^;- ]y_iV F ' ; r r.r,, Nu, i l l 

SUJMII'J h^ - u \ k V (0,0 IN) - U jssuh i * t)mA ^ N^OH in 1 H U T ut i»i -"illiMi H J I L T . 

IKUrorh ln r i c uvu\ UN) - Wd H ml cjf cunr. Lit*] to :-2 J) J of uu ler . 

ANALYT ICAL PIU>CKIH"IU': 

1. l ' ;>s a known volmm 1 oi J i r through .1 f r i t lm ! bubbler or » n :CJRI-I imuin^cr 

conlnuiinp O.01N T^aOIl, . \ R r r s»irn[>li-i£. rH-ulr^ i i i i - to | iu 7.0 with IN ILC~1« 

2, K* l l .i 2">-ml p r ; i c i u j l c * ! v v l m U r r « i t h a i r >a - . i | i l u i g s o l u t i o n o r w a t e r l o 

: l . A d d 1 m l O - T o h V v r a n d m i x n i l . 

• I . I f c h l o r i i u * i s p r e s e n t , A v r l l u " c o l o r ». i l l t k ^ i - l i ^ j . M l u » b m i n u t e s f o r 

c o l o r d e v e l o p m e n t :*t J O T , 

5. F i l l a c o l o r i m e t e r l * o " l e * * I ; J I u : i in-at i - iJ n u u - r >at:i j»h- -*:--il | j !* ice i t i r i the 

hphT c e l L 

ft. I n s e r t i l u ' r l U c n i H ' n ' e l e r "C, i ] i n i n 11w.- : v i - i v r a n ' 'j.-< t i n ' l l .»ch '• »i * e u l i u 

f i l t e r * i ' r ^ s ^ 13 iv l i ^ ' l > * *'.tt: .m i ! . i i . l |u v ' - '+ii l i d i i c^-tr-oJ f u r .• -• • I v r i i -%*.' ,. 



c t l i . I ' r t i iri ilu- I;Rht ^\v(:i'ii anil re;.c! i h t ['I'M ch#ut'inL>. 

1! '!iu rriL-'^-r I'L'^I'J- h ighe r ll:an J I T M , Ihc Ear^i lu muS'. t*D dj i i i to^ 

R e f e r e n c e s 

llacr: Che.iiie.il Co. ^ n j j i ^ t T S L a b o r a t o r y Method? Manual , 1st LtLt H V L 

[iol ' . j , IX F . . Color i j i re i r i r petorinif tai ipri c : Xonnipiiilg. Ir . irrscicncL-

1 ' n U i s h e r s , Inc. , K.Y. U'JJUj, p . 163. 



ClttturnJC ACID MIST IN AIK 

Abstract 

Chronicles react " i l h syi i i -dipl ienylearhazi i ic in acid solution to produce u pink-viuiel 

eolur :it 540. nm, \^hicu eouUirsus \o l luer ' r , L^.'M. 

A J' ] 'LI CATIONS AND LIMITATIONS 

The range? for this methoJ is f r om 0.2 pg L'r 0 tl) up iu ahoul 10 uc. Cr {+G). The n u m 

interferences are i ron , ropper. niokc), and vanadium. 

AL^'AHATUS 

Midget jn. j i in^LT^, :^\1 glaza 

Graduated cy l inders , 2-~> j : i l 

Spectrophotometer, BL-ckiv.nn Dl" or ^rjaiv-ilent w in : 1 -£:^ CL-U£» 

K ISA GENTS 

Sodium hydroxide. ( I M - Dissolve 40 g NaOH in 1 I i tor of -^s t i l led water. 

Sul fur ic ac id ("0% noluitoi i) - Add 100 m l concentrated I^SO to H00 m l d is t i l l ed 

water. WhcncooJj dilute to 1 l i t e r , 

I jotassium dichroniatc LCr + G), 100 I T f t l or 0,1 t t f j /p l - Dissolve 0.3U29 JJ 

K X r O H in 1 l i t e r of d is t i l led water. 

Sy m - Oiphe n vie ajj)azj i \p rcugent - Dissolve 0.4 y sym-diphuviyle^rYiaziue i n 30 m\ 

glacial acetic acid ant* di lute to 100 m l with d ist i l led water. 

ANALYTICAL PHOCLDUItE 

1. Collect s*in:|des i" two Hii0c.eC i^minc.er? in sen- - -- . using 1 ~> ;n\ of 

IV NaOH for colletUnc. media ir. each impin^er. 

2. Transfer the samples lu J5-ml Graduated eylii.di.r-. WJUJ d is t i l led ivuu-r. 

3. Acid i f \ v* im liT"\ su l fur ic ac id, 'heck with l i tmus , ^i::ti i' 1 lie to volume. 

1. I 1-ace . i - : i i nJniunl into 25 -m l Graduated c y l m d r r - . nliJ :» :r*J 1 0 - , su l fur ic 

acid ami 1 is: J **> in- d iphen\ l r * i rhandc r v ^ c n t , ;n h"! i n \ Pv i n v r r i inj: 

several l im i -^ . 

http://Hii0c.eC
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I ' rv j ia re .s tandards from ^XL- l t iG-Pl 'M s t a n d a r d K C r U_ by pipet t ing 

O, ">, l l) f lid, !J0, and 100 ^ l into 25-ttil ^t^uiu;ilc*(l t-ylimJi'fs and t rvu t inu 

the s a m e a s s a m p l e s s t a r t i n g with st*?p 4. The St.1 s t a n d a r d s a r e , r e • 

speo t ive ly , the 0 J J^ P 0,f> JJJ;, 1.L> a g p *,U t>tfp 5,0 fitf, ±i\t\ 10 JJ[! of C r (*G). 

The 0-;ig s t a n d a r d is used to sol the fcero idiKorbanct- reuditig of the 

^ p e c t r o p h o l o m e t u r at 540 mil. 

Ilcuil s t a n d a r d s and s a m p l e s a t "»40 tun. 

A ca l ib ra t ion c u r v e is d rawn by (dotting the a g of C r {tG) aga ins t ihc 

abanrhancy of the s t a n d a r d . 

LIONS 

Dlajik abso rba j i ce v a l u e s , if any, should be s u b t r a c t e d from cixch s a m p l e 

a b s o r b a n c e va lue . 

Vol, of a i r sa m o l e s in l i t e r s 

, r j l 
s a m p l e 

N 

s 
W.W. fCrOg) 

M.W. <Cr) 

100 
fi2 ' 

R e f e r e n c e s 

J a c o b s , M. It., T h e Ar.a\ytic_a1 Che tp i s t ry or Indust r i a 1 r o i s o n s , l j a z a r d s 

and So lven t s , InLerscioiicc I ' u b l i s h u r s , 1941b 

Snel l and Snull , C g l o r i m e t r i c Methods of A n a l y s i s , Vol. H, D. v a i i Nos t rand 

C o . , iy4!J J pp . 274-27 5. 



CYANJDIC* AND HYDROCYANIC ACM) 1 \ \1K ANN W A T L K 

A b s t r a c t 

Cyanide i^ neu t r a l i z ed and couvcr lud to c v a n o ^ " c l i luruk ' by r eac t i on with chioi~amim--T. 

T i n s react?: witJi pj r i d i n e ' p y r a z o l o n e reagent 10 form a blue co lo r wliicli car: be r ead uT, G3fl nr.:. 

APPLICATION AND LIMITATIONS 

Seiisi l ivi l} j ' t d j>recision t \m be improved by ex t rac t itij- the aqueous solut ion with n b u t y l 

a lcohol ^n:I then re;niin£ l!.e absorbar .ee at GHO inn. F o r aqueous co lo r rcadir.Rd, "die effective 

r i inut .a i -5 ^ K aiu! s ens i t i v i t y i s 0.5 y.£. I'or the e x : r a c i e d co lo r , the r ange is 0.2 - J . 0 w£« while 

the *=«"Fiiiviiy i s 0.1 jfj.% Only m i n o r l i m i t a t i o n s occur with th i s method. The sa l t ccntent of 

s a m p l e and s t a n d a r d s . l : o u l d be the s a n : e tu obtain co lo r s of c o m p a r a b l e in tens i ty . Th iac>aba tes 

a::d cyanotic:: will Rive the s a^ io r eac t i on a s cyan ides . 

Al ' I 'Al lATUS 

S p e c t r o p h o t o m e t e r , for u s o with L-cm c e l l s at GliO-G^O rim. 

A^aijr ted la I >o r a Iory_ gl as s w a r e 

F r i t l e d bubble r 

Kr.ACLNTS 

Sodium hydroxide^(IN) - D i s s o l v e 40 £ NaOH in 1 l i t e r of d i s t i l l ed w a t e r . 

Sodium hydroxide(Q.l?N) - D i s so lve f) g NaOH i>: 1 l i t e r of d i s t i l l ed wutur . 

A e c u c_-*ci_dt cur.t:, 

Aeej-icajcLd, 1: -I 

Tyr id ino 

n-bii lvl a lcohol 

C'hUiramine^l" s-jhiUor" - Disso lve 1 ji in 100 ml d i s t i l l ed w a t r r . i ' i t E r A K K i-'RKSH DAILY, 

, i -nielh>l- J -pheny l -3 -p^ ra jo lou<; so lu t ion , Kas tman 1 i'M »r equivalent - L're|>;irr a 

*^ili*r>tieil a i |ueons solu t ion {= [>.T» j* / lu0 ml u . i t r r ) iii w.irm w;»ier, 

Hi>-n>r*i-*oli 'ii ', j:,i>tr:iar] CiUfi'i o r vt|Uiv;ilon; • Cun be | i r e | i a r ed l;> d i sso lv ing 17.-1 t 

uf 1 - : :K-UI \1 1 ( ihei-yi- . i -p- .ra/uk ' i ie in 100 ml c t h U aleo-iol. \fi*J 2 5 g phen\ I h>draz ine , 

f r e ^ h h ili>IilU'i!, u::ilcr n d u r i - O j - r c ^ s j r e . Reflux in ,I*I ,-)]-^Liiss s l i i l . T i n io twelve 

:,uiir> >>- r c f lus in^ art* *ICL*US*-^**> t<» p r o d u n 'hi- his--*-. r.</i>|.n;<-. Kil ler i* hi)-.- hu ' , 

••,a-*h tilth •'.- i-lhvl .iifiw'i'J, iinl . i ; r i ! r > . 

http://absorbar.ee


Mlxqd iy_r^int'-py_ra^glQiip_rcaE^nt - Mix 125 ml of saturated pyrazolune \\it\\ a 

solution cojjiiijuiiifi 0,025 g bip-pyrazcdone dissolved in 25 ml pyridine. The [tn\ed 

rcaftcnl develops a pink co lor an s t a n d i n g PKEpARE FftESH W I L Y . 

IHsojiumJxydrogen phosphate ^solution - Dissolve 5 g anhydrous N a l l P O in 100 ml 

ol distilled water. 

S lock^tandard , 1 mg CN/ml - Dissolve 2.510 g KCN in 1 l i t e r distilled water , 

W or k m g_S t an da rd t I pg CN"/ml - Dilute iO^ml stock s tandard to {00Q ml with 

distil led water , mix, and make a second dilution by pipetting 10 ml into a 100-ml 

volumetr ic flask. PREPARE FRESH DAILY. 

ANALYTICAL PROCEDURE 

I. F o r a i r camples , pass a known volume of a i r through a fritted bubnler 

containing IN NaOU. Use two bubblers in a s c r i e s . Sample i t 1 l i t e r /miu , 

3, Pipet one or more aliquot s of the a i r sample absorption solution Of water 

sample into a 25-ml i*radua*ed cylinder. Dilute to 15 ml with C.2N NaOlI 

and neutra l ize eacj with l t4 acet ic acid to pi] of G-7, 

3. Add 0.2 ml ch loraminc-T solution, s tepper , and mix. Allow 2 min for the 

reaction to occur . 

4. Add 5 ml of mixed pyridine-pyrazolone reagent , stopper, auU mi*. Allow 

2"} minutes for color to develop. Make up to 25-ml voU .nc by adding 

distil led water . Read ahsorbance at G20 nm, 

5. IF grea te r sensit ivi ty is needed, add 1 ml of disodium hydrogen phosphate 

and 10 ml butyl alcohol, mix, and read absorbance at 630 nm. 

0. P r e p a i d a blank from 15 m l 0,2N NaOH and standards; in the range 

0,2-1 pg ' j r " . Neutral ize to pH of G-7 with 1:4 acet ic acid and proceed 

us in step 3, A calibrat ion curve is drawn by plotting pg CK" against the 

absorbs nee of the standard* 

J 
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H.UUKJUK5 AND HYDROGEN r L L ' O W D i ; IN A l i i A M I WATlvtt 

Abstract 

Huu r i de is determined co lo r imet r i ca l l y by the reaction between f luor ide and a /.ircuuiuin 

dye lake. As the amount of f luor ide increases, ilic- color of Ukc dye lake becomes progressively 

l i gh te r and can be n u r t u r e d at 570 nrn. 

APPLICATIONS AND LIMITATIONS 

The SPADNS method is subject to e r ro r s where in ter fer ing ions may he present. They are: 

Alkalinity (as CaCO^) 

*3 
A l 

CI 

Fe 

-1 

+3 

HexamctaphosphaLe tNal 'O ) 

PO 

SO 

-3 

-2 

Cone.JPPM) 

5000 

0.1 

7000 

10 

1.0 

1G 

200 

Type* of errors 
-0,1 

- 0 . 1 

' D J 

t O . l 

* E r r o r at 1.0 m g / 1 F - 1 

* n To remove most interference;;, i t is necessary to d is t i l l (he water sample. Aft these itttertorvnevs 

are neither l inear or addi t ive, mathematical compensation w i l l he Incorrect , Hie temperature of 

the samples and standards must be a l the same temperature or results w i l l he incorrect . 

APPARATUS 

Uach c o l o r i m e t e r 

Midget imi i inger 

A s s o r t e d h\ ' ^ora tory gl a s s w a r e 

Uis t i l la t ion apparatus consist ing of a 1- l i ter round-bottom, hm^-neck hnl l ing 

f lask, a connecting lube, condenser, a I h c r n i o i m n T .»<!..pter, J I » I a thennomcW-



K I : U ; I : N T S 

J j a t l i ^ l V A l ^ n ^ q r i r l i ^ r e ^ o n l , Cat. Nop 444 

lt;iHi standard fluoride_sglutimi>_M;PMb^1 , Cat. No. 21)1 

Sodium a r semte solution - Add 5 g NaAsO to 1 l i ter distilled water, 

Stidium _}j>^ro)ijde_ solution {0. IN) 

ANALYTICAL HIOCEDURE 

1A. Pass a known volume of a i r through a midget impinges containing D.ll* NaOU. 

Collect in s e r i e s . After sampling, t ransfer each air sample solution to a 25-ml 

graduated cylinder and dilute with distil led water to the 25-ml mark , 

IB . Fill a 25-ml graduated cylinder with water sample to be analyze". 

2. Kill a 25-ml graduated cylinder with s tandard 1,0-PPM fluoride solution, 

.1, Allow .standard and unknown samples to equil ibrate at room tempera tu re , 

4, If tin- sample contains chlorine, rumuve it by adding 2 drops of sodium 

arsenate solutiun. 

J , I'ijwt into each graduated cyl inder 5 nil SPADNS flucrlde reagent; s topper 

and m i \ well. Trans fe r each to t;olor»**ieior ce i l s , 

li. inser t the fluoride me te r sca le into the Hach co lor imete r and use the 

!*7HB t:olor filter, 

7, 1'lacc the co lor imeter cel l that contains the prepared s tandard fluoride solution 

in the light cel l . T re s s the light switch and adjust the light control for a me te r 

reading of 1,0 I'TM fluoride, 

U, 1'lace ihe co lor imete r cell that contains the unknown sample In the light cel l . 

I ' r c ss the litfhi switch and read tJie I'l'M (jig/ml) fluoride. 



CALCULATIONS 

Total /ig F in sample *ig/ml F >: sample? volume (nil) 

nig F / m = H g F / l i t e r s of a i r sampled 

mg HF/m = ng F / l i t e rs of a i r sampled x 1,05 

References 

1, Hach Chemical Co. Engineers Labora tory jllgthpds Mgnual, 1st Ed, 19Gy. 

2, Standard Methods of Water and Wastewater, 13th Ed. 1071. 



FLUORIDE IN URlNiJ 

Abstract 

Fluor ide i s separa ted direct ly from urine by ion exchange. Fluoride is elulcd and 

mined color imetr ica l ly . 

Al'J'ARATUS 

Chromatographic columns. Kontes No.K-42225 Chromaflcx Column No. 2, with 

125-ml r e s e r v o i r . 

Assor ted labpratoryjzlassware^ 

REAGENTS 

Dowex 50 W-XB, 2_0 t̂o 50 mesh in the f re t acid form as urine preserva t ive 
Dowex 50 W-X8, 100 to 200 mesh in the free a d d form 

Dowcx 1-XO, 100_to 'JQO mOE/i in the chloride form 

Charcoal , coconut, acid washed, a c t i v a t e 50 to 100 mesh 

Sand, while quar tz , GO to 130 mesh 

Sodium hydroxide Solution (3M) - Dissolve 120 g NaOH Ln 1 l i t e r of distil led water, 

l£rlo&hromc_cyanlnc R__reaficnt - Dissolve 1.B0 g e r iochrome cyanim." R in a l i t e r 

of dtfilfllcd water. 

Zirconium reagent, - A solution of 0,265 g Z r O C l , " HH^O m 50 ml of water is 

made up to 1 l i t e r with cone, EICl, 

Sodium hydroxide (0.3M) - Dissolve 12 g NaOM in 1 l i ter of distil led water. 

MKrd color reagent - Kininl volumes of zirconium reagent ^nd iTlochrome 

cyaniuc It reagent a r e mined (acid zirconium to dye), (Five mi of this mixed 

reagent is requi red for each fraction collected,! 

Refcreneesolu t ion - To obtain Uu.' ^ero ahsorbance r e a d i n g 10 ml of the dwV 

solution is added to 100 ml of water; then 10 ml of a solution j-re-purcd b.\ 

diluting T ml of cone, 1IC1 to 10 ml with n a l e r is m*ded« 

Kmorjde Mjndar*.1 " Uissidvt- 0,2'il * NuK in 1 l i ter of 0.3N >aOH (1 ml * 10 ug 

flu o n del. 



PRUi'AR-VnGN OF *E5iKS 

Dtjwe* JD M-X5, 2u TO 50 mesh, for urine preserva t ive - Wash resin in if l i r u e cuimun 
with J volumes ol dist i l led water, then vash with J volumes ol 3M HCL, (Volume is 
:i:a: ctiuivalirr.: ' • the amount cr res in . ) Finally, uash with uistil lcd -.tater un:il effluen: 
i:. neutral to NR t(jst paper . Drain column and t ransfer rosin iu a Pyrex tray ar.d dry 
at 40 S C. 

r ° _ w g K 5 0 ^" '^** *Q0 to 200 mesh - In l:*rge column, wash with 3 volumes of et::yl 
lcohol, 3 volumes of distil led water , 5 volumes of 3M HC1, then with water until 

neutral to J H test paper . Store m a 1:1 s lu r ry In distiller) water. 

Sand - Digest at 100 CC for 2 hours -.villi 20> NaQH, wash n i m distilled va t e r , tJ*e:i 

dige-st foi 2 hours al 10D°C in 1:3 HCl . Finally, wash with distil led water u.-uil 

neutral to \>\l tes? paper; t r ans fe r to P y r e s t ruy and dry at 100'C, 

COLUMN PREPARATION 

P r e t r e a t m c u t Column: Add 1 ml water to column, wiU\ stopcock closed, thou odd 20 ml 

of 1:1 s lu r ry of charcoal ; let oil dra in except 2 ml wruer, then add 2 ml 1:1 s lu r ry of 

100 to 200 mesh DOWGTC 50 W-Xti, When res in has scttlcdj but water is not completely 

drained, add a 2-cm-th ick layer of sand. 

Separation Colum n: Add 2 ml water to column with stopcock closed. Add 20 ml 1:1 

suri 'y of Dowex 1-X0 (1^0-200 meshj . Twirl tube before water drains to level the 

r e s in si>rfac?. Add 2 cm of sand before all water drains from column. Convert the 

res in to the hydroxide form by adding 150 ml of 3 M NaDl). Wash with water until 

effluent is neutral to pH tes t paper . 

ANALYTICAL PROCEDURE 

1. Coll* ct ur ines id containers containing fi -*nl volume of 20-50 mesh 

Dow -x 50 W-X8 oer 100 ml of ur ine . 

2. Dilute 25 m i of p r e se rved ur ine to 250 ml. 

3. P a s s 50 ml of diluted urine through the p re i rea tmcnt e-nhjinii and discard 

the effluent 

1_ j ' a ^ i r e m a k i n g 200 ml diluted ur ine through column and collect effulent 

in a pol>ethylcnc bott le. 

^ P a s s IDD ml of the clarified ur»ni> through each of two Do*v\ l-XH columns. 

G. .-•: columns with 30 ml distil led water and allow to stand over-night . 

Do not drain; let approximately 2 ml of water r cmam on U^i of r e s in . 

U 



Fiush the wuier i r^m lh-j columns with 1Q ml J.:1M XaOH. Discard. 

Elutc? UJC fluoride with 5 to 25-ml portions of 0.3M NaUH; colli 'ji each 
25-tnl fraction in a co lor imeter tube. 

To each standard and fraction collected, add 5 ml mixed color reagent. 

Mi* by inversion and lot stand for 1 hout, 

Read absorbance at 536 nm t 

CALCLJ.ATIONS 

1. Pic" absorbancc ve r sus vg F from s tandards and determine content of 

each fraction. 

2. Add concentration of fluoridt in all 10 fractions foi' each sample . 

3. I he tv'-.iX fluoride La the [raciLGcis is --;:c imcur.l per 25 ml of urine. 

4. The ug / lUer = fracticn total s 40. 

Reference 

1. TaK-iUe, iWA., and Brewer , L, \\'.r "Svpuratior. of Fluoride h} Ion Extimn 
Application to Urine Ana lys i s / ' AIHA_Jo_iirnalt 2, August lG!iQ# p. 2H7. 

8. 

n. 



FORMALDEHYDE IN A»t 

Abstract 

Formaldehyde reads with a modified Schiff's reagent to form a stable, purple-co 

complex which can be- measured color ircielricully at 5GQ nm. 

APPARATUS 

Mjc!faCt_bjbbivra, all glass 

Sne'. I r opl \Q\ on i et c r 

UFAGKNTS 

Li^rosa^tlinc, crystalline 

Hydrochloric acid, cone, UG% UCO 

Aldett^dC'-rriie water * DoiliuJ, double-distilled w^fe r 

Sodium sulfite, crystailing 

Sodium chloride, crystalline 

Mercuric chloride, crystalline 

Farm aldehyde, titandar;/ solution, 1 yjp/m], ufiijij; 3?1D formaldehyde solution 

(-10 £ HCHO/lDO ml of solulloii J 

Sodiuiji^tutrgcjiloromercurat^f (0.05M) - Dissolve 13. ti g mercury chloride » 

5.H g sodium chloride per liter of aldehyde-free H'-HCT {.stock solution),, 

Color rcaccnt (1 > - To SO mi of 0.D5M sodium id radUoroTTicrcurnie It s'.ock 

solu'.ion, at!tf 0.25 g sodium sulfite. Prepare fresh tinly, 

Cglor^rcagent (2) - Dissolve O.IG g p-rosanilinc in 25 ml 1IC1 and dilute to 

10Q ml with aldehydc-frec water. 

ANALYTICAL PROCEDURE 

1. Collect sample in midget buhhlor, usirtg aldehyde-free ^viler a,t a pt>)ji.»clj»g 

medium. Collect at least 1 ft of air. 

'2+ To 'h<* samples, add I nil colnr reason! No. 1 aii*l mix UiorouglUs. 

i. Add 1 nil color reagini 7\"o_ 2, mis tliorouchU, ,mil alio* to stand for 

15 minutes. 

• J . Urad iib^orlance al 5CD uni. 



.1. P r e p a r e a se r i e s of s tandards from 1 lo 10 pg fornj.il<ieh_\r]f :•.. 10 ml of 
aldi-hyde-iree water. Proceed us in step 2. 

K. Ploi ubsorbance versus concentration on graph paper . 

7. Dulcr.nlnc jniount o£ form aldehyde pre^cri: in the samples fro^i ih*j 

s tandard curve. 

CALCULATIONS 

mg forjr.a\tLeh*.de/itv' Hg formaldehyde fro^i calibration curve 

Vol of a i r sampled in l i t e r s at STP 

Reference 

1. Lyles , G.R., Dowllng, F , B,t and Blanchard, V, Jti "Qu&Utativo Determination 

of Formaldehyde In the P a r t s pe r Hundred Million Concent ration Level ," 

J-^APCA, 15, X'-. 3, March 1D&5, 



TOTAL iOOfMC IN OIL 

Sample is ashed with a chrou iu te 'su l fur ic acid mix ture , iodine is rt.*)t-i)sr*J and ilctt-rnnnvd 

color^ncir icaJl.v wiih atarch solution. 

APPARATUS 

F l a s k , IGO ml , round bot tom 

G l a s - g o l , l aO-ml volume 

Variac, US volts AC 

Dis t i l l i nc a p p a r a t u s , wJih dropping f inne l 

REAGENTS 

Chrpjuaie solut iuj saturated K^Cr ? Q„ in (JmUIIed water 

Sulfur ic acid, cone, (OGTol^SO^) 

Pjios|3hgrus acid, 3 0 ^ 

3odium hydro side, UN) - Dissolve 10 g NiiOjJ in 1 l i t e r of d is t i l led wiiter. 

Posiasgtwri permanganate, saturated aqueous so lut ion. 

5ulTuriC ac i jLUK) " Add 112 m i 1 ^ 3 ° , l0 UH8 m l water. 

S^dhrea__mtrltg U»5Vl - D i s so lve 10,3 g NaXOg IT 100 ivA diFliUud \ ; . A L T . 

' . J ^ tas s iom igd,irig_s< luliou - Disso lve 1G.7 £ Kl m. 100 oil d i s t i l l ed w a t e r . 

P r e p a r e f r e s h da_il\ 

Starch solution, j _ ^ oluble - Starch i r t o BU0 m l boi l ing water, ( toi l for 

15 minutes. Add 1 *al icyl ic »'cid as preservat ive. 

| 'KOCi :DUKt : 

\ r V*\uce ri >fl-(- i m p \ e \\t a l i f t - m l ta»hng fla: n t^uv,i,-v^ will- droj>i>ir*R 

funnel and COJ --fiser. 

•i Add, dropwisi i0 m] saturated cl ironiaU' solut ion. 

3. Add 5(1 m l aul LC acid s lowK, 

J. ik-at to boi l in i >dd, d rop^ tso , 10 ml 5Q"> ]iIiOS|»horDi:s a r id 

J -



i :v i [njr j t i» U> l ^ m l . Whtlr- tu ' i l l i i j : , .uld IT U r i ^ n «alui - j l i<I | - I U * > L U I : I 

C o n t i n u e i f hu l l fo r J ^nlui i lc*. 

\ t k l I m l -IN tfuJlunr a t i i l (if junk fai l r* , J I M JimH-vf .liL>*ji i»I J U T : - - j r - t > i i i ! 

l . c l se t U minuU-j . . l )c + i*u1uri 'v wi th Mulluni TiHrltr *'»lnUt<u, 

l i o l l fo r ,"» fn lnu t t - s t f*A»L lu riHKti i v m i n T - n u n ' , 

TrunHfi-r t o 5 0 - m l v u h i n i M r l r f lask v i m * ; iu*r . 

A till 3 -lil iiL>t***fum ioillhi- Mvlultun a m i 4 m l Mar t -h *«*m"lui*. 

D i lu t e lu 50 m l . L e t MMH\ JO mt r -u lc* , 

HIMCI ill :•?'» run U|*SiiriEil r v f c t i ' i u ' c nT A m : " . I N n u l f u r l r a r n ! , p tup 1 ml 

j m t u s j t t u m loOim-, \t\\xm 4 m l uf K U r r h , ilLlutc-l lu JU. 

I m p u r e I I H I I W Ht;uui.ir>Lf< M I T U I I C ;i( M q i No, 11 , 

llrfrri*™vi i 

1 'ubUimr r* , i n c . . New Y u r k , K'SU. 



IJlMi ]N AIII* 1 IU,\K, AM) US .SV.II*)-> 

Sifj-[*J^* *fV "\WU«-'iJ iritii r g w f H r i i M l n i t r i c arl i l , i n d n £ri, j+*-rusiilrj jii 't lic-j(, I r . k r 

M r u r - u u w s \MS LIMITATIONS 

AJI41%TI<-A1 r^ugc- IJI j >if l<i 300 tig; |»«"r U l r r , The utAlJi inl*ririt?"c-*-ff j | - i h Uw lu Maiuuiu* l\t\r 

MMhtflh + i -^Ji; lutu 3^1 thall ium* 

u j i * A i i \ i r > 

ScjMraioM fimn*l, I 3 i ' i i i | ( U ^ m i l t m*mian l Uj icr r i l l ing* 

M i n t ac-btlf n m f # 1 7 0 ^ - » N u \ rtftHHtilltHl, 

Z\ n U r l r JviiS • HUulc 1-1 n-; J i n r i r JCHJ I*H 1 U t r r Ml!i 'SiMiU^I Aa*c-j\ 

Ni i r l f _aciil t I ̂  »u)uliui: - Dilute l " ml n i t r i c .u-|i: To I l l l r r *Hh liifHillr-i! ualc-r, 

AinrihvuwTi hvclruiLdv, St' -OH (10* NIL) 

m d r w l O u r i i * a c i J # tone* PCt"- HC!) 

IN I m l r u c h l o f i r * rn l Ihluii- ILI ml IIC'I to 1 h i r r » u h I1IML])I-P1 u a l c r t 

CJiUirvrartn. C ' lK ' l j 

AmiHOnium cilIMIr W l M * iJi*hvN"»fc *̂K> tf j jnmuiilutii L Ui\ i lr iu rjtfU ml UihtllLrti 

Aj i r t 1 Jml Jikl atf^i^>jiiu]iL hwlrLiMih- 1th |,}[ ,,f ;tw ])pjuti l-< 1 III* r ^illi i h^n l l i t ) 

u i ^ r r , H a r i r i *itJi 10U :nl J i l h i / i ^ i \ rvj* pjl^ J ni * * * - ^ J \ # JJJJ;JI "-hen i* Jr.-

http://SV.II*)-


lK>!!-u\\L»iN..iit- U\drocldn>rK_k» 12U"", solution! • LHSMIKI: 2U ^ MI.̂ UJI • HC'L 

in "i0 nil tiihliUptl w-ili-r aiiO -idd iinuufrtiium Ji^drusidc to pH of H. K\lruc! 

,t i!h <,,..|../oiii- UU-ml port km*./, wUhh with chloroform, iind acidifv uith 

U t l '.u |il( uf J, Uitaiv i« 100 ml IMIII diKiLLloil ivjtur, 

]'J^-S>;XHJI ry.uiidi' UU^ DULUUUK) - Dissolve JQ £ KCX In 100 nil wator; 

lAiiMd V.HU '!Ul»Uc»["i;(10"iiil portion^ until c i l r jcl remains ^rin'ii. Wash 

HJUJ rhhwoforw. Ullulv to 5UD ml with tJj,slJJJcd water. 

L,i?.ui standard - Oî eulvt-* 1.5UU fi rccri.tiullizcd lead nilrate in 1 liter of 

L "** nitrvi- :icid {1 ml - 1 ni|* k'iidh 

Luml mjrkjn^ standard/ I>11UIL» I ml lead standard to 10D nil wllli 2N nilrlc 

acid (I mt ' 10 *JK l»b). 

.Nyii*: AU f-dajujivarp uliould hu washed in 1ml l:l_"*lHyi a f , ^ l t a " W a t p j j - i i ' c | ? 

disttlk-d "ajvr^yforo use. 

ViMJ-LL i'ltl-:r\KA HON 

1. *crub (use Ki r srrubber) L-k-ctrostalic precipitator tubi- with dieti'ilou 

UJILT into J suitable beaker. Add 20 ml UN nitric acid and evaNoruLt-1 

to dryness. 

2. l-'MiiK a fiUur-|i:i|it:r sample, place filter into iDO-ml beaker; it d 

20 ml nitric acid a«d evaporate to dryness, 

t. Itirpeaf nitric acid :ttltJitioa<; until -T wbilr ash is tibtafriL'd. 

• I . Dissolve the ri'Mduo m 10 ml 2N mlrfc acid and transfer to 100-nil 

volumetric flask. DiluLc it" volume with 2N nitric acid and remove 

,i suitable aliimoi Tor anal/sis. 

Treat as filter paper above. 

L'ruie Samp It: tor tslmlo blood) 

1, To (OCTMM( aliquot of u. Inc for 10 g bloodJ \n a 500-mi h'rk-miic.'YE.-r 

flasV -w'M pruuiul jomi, add 20 ml nitric acid add 3 ml liwirogon 

| i t - r i p \ i i l v , 

2. K vapor jtt» lo dryness, n-pvat acid addition until A whiii' ash is obtained. 

1. \iH ;i ml 2N nunc and and uarm io dissolve residue 

i i -



WALYTICAI. I'EIOCUDL'KES 

1, Tc sample or aliquot, »tl*i £ <iri>i>s pliiMtol rv i ai}it 1 j ml wr> ammonium 

citrate (blood, add (i ml) solution and add ammonium hydroxide to a 

fill o' ti.2. Indicator will bt' red, 

L > , Add 1 ml 207e hydroxy la mint JJC1, 5 ml 10% KCN, :iml ID m] (lithi/mic. 

Mix after each addition, 

3, Insert extraction funnel and shake contents for 1 minute. 

•i. invert and lei u>e organic layer .settle. Remove the flask. 

J. Draw a portion of the organic layer through a cotton pledget into a cuvette. 

ti. Measure the absorbance at 510 nm. 

7. Prepare standards of 0, 5, 10, 20, and 30jjg Pb in 2N HNO„ and carry 
j 

through procedure, starting with step 1, 

8. I'ltT, a standard curve of pg J'b versus absorbance anti obtain the unknown 

load concentrations from thlb curve. 

CALCULATION 

Hg l'b/t urine u£ Pb from std curve 

Sample vol in mX 
x 1,000 

mfi D>Jm' 
wfi Pb_frpm cwrvc 

Vol of air in liters at STP 

ftelcrenews 

1. Mtcherly, P. A., Tilly, A., and Whitman, N.E., "The Determination of Lead 

in \ir and in Biological Material/' Am. Ind. Hyg, Assoc. Quart** 10* 1057, 

p. IG1. 

2. Methods for Determining Lead in Air and jn B^olojftcaj^la^erials, a report 

published by the American Public Health Association, \1\SQ Uroadvfa> 

^ou Yortt ID, K. Y., 10-U. 
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METHANOL IN AIK 

AhHlrart 

\IC-III.MKI1 n> -iMdued tit furjnaldebsdc, and the formaldehyde r^ r t f c *lth snuiJifit'*! -SrluffS 
ri^i^i-nt it* >k-hi .1 violet eolor uhlch is FINHI on J cu lu r imele r at iiHO run. 

\ | 'PMCATK»J> A W LJMITA-nt)\S 

riu.s mrdiod is s imple add Caul. In ii 1 -ft' a i r sample, »n a i r cgiiwmrtfiioii of 10 PPM "f 

Methanol i-jii he determined. Limitation* a r e few, although formaldehyde will i*bviuusij iiitei-rvre. 

APPARATUS 

Midget nnj>ii>K*-'rH» nil yljen 

Assor ted labqratgry jjlaanware.. 

KliACKNTS 

Ethyl alcohol, absolute 

Potassium permane.anatij re a cent. - Dissolve 3 g KMnO^ in 25 ml W^Q with 15 nil 

fc^a ll .A'O. ttiul then ililUc t o tOO ml with dUUUcd water , 
hi 4 

Oxalic -sulfuric acid mixture - Dissolve 5 g oxalic acid t" 100 ml 1:1 " s o

4 ' 

SchirPs reagent, modified - Dissolve 0,2 g basic fuclwln in 120 ml Jml distil led 

water , add a solution of 2 5 sodium sulfite- in 20 nil water and mix. Add 2 ml 

t c » e c m r J i c d HCl, di lute tv 200 ml *-it)> disiilJed waier, and s io re in a broivn 

g lass -s toppered boJilc in the re f r igera tor . (Rceidual color maj be removed 

by t rea t ing with Norit A decolorizing charcoal r,nd fil tering through a Whatman 

No, A2 filler paper , ) 

Methanol, s tandard solution - Accurately wUght 1,5 ml methanol (in weighing 

bottle) and make dilutions with dist i l led w&tor so that 1 nil equals 0.1 nig methanol. 

P r e p a r e s tandards of 0- to 2,5-mg methanol, 

ANALYTICAL PROCEDURE 

U Collect sample in two midget impingers in s e r i e s , Use distilled water as 

collecting medium.. 

2. Trans fe r a 5-ml aJiquol to a 50-ml bcsfcvr. 

3_ Add 0.2b ml etlianol. mi*, and then add 2 • * KMnO^ rvafcvni. 
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\iluA :o liUhJ fur ID minutes* 

Di'Mrm tlu- excet-n |i*.-rnjnnjjanan.' with - ml asalic-r tulfunc rL-^^oni. 

U lu'ii solution is **-.• colorized, add 5 ml modified Schiff's rt-Jft-m, mix 
and allow colur TO develop for GO mlnuletf, 

llv,u\ ahsorhance of s tandards add samples at 5GD ujn. 

Standards a r t Martud at stup J and a calibration curve? prepared , 

[>L»turimiiL> amount uf methanol in samples using s tandard c u r v V ( 

i I O N S 

. , 3 uf> methanol found g metnanol/m - " — 
Vol, of a i r aampled in l i t e r s at STP 

Heferuncey 

Goldman, F , M., Laboratory Procedure^ JJi Industr ial Elyfiiunc. U.S. Public 

Health Service, 10-17, 

KogLT-S G- w - * "Sampling and Uulenni j iat ion of Methanol in A i r , " J . Ind, 

Hyg. and T o * . 37, J24, 11M5, 
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NlTIKKiJ.X DlOXIdl-: IN AIK 

Abstract 

\ i t rugou dioxide is coll* * ted in sulfanilic acid, The diazolized NO is coupled with 

N 'U 'JiaphtJnll-Lrihvleisediamijit.', funning an azo dve. "J"he dye color is read at 5,SO nm. 

APPLICATIONS AND LIMITATIONS 

TIIL* a n a l y t i c ! ranjje of this method is 0.005 to 5 PPM by volume or 0.D1 ID ID j jg / l 
ivJwn sampling with n i tu -d bubblers , 

TIIL- main l imitat ions a r e due to interference from strong oxidising and I'eihiclnu. agenls 

such as sulfur d i v i d e ami purosyacylni t ra te . 

APPARATUS 

^ l l ( '_!_rpj'l '"">mi >ti >r 

Grab-sample J o u l e s , 30- to 5D0-ml s izes 

Bubbler, all glass 

Assorted laboratory g lassware 

REAGENTS 

N-(l-riOphthyl)-cthylcnediam*ne dlhydrochloride (0,17*) - Dissolve 0.1 g of the 
sail in 100 ml of distil led water . When s tored in the re f r igera tor , in a well-s toppered 
amber boil]?, this reagent is s table for severa l months. 

Absorbing reagent - Dissolve 5 fi sulfanilic acid in almost a UK-r of distil led water 

containing \10 ml glacial acetic acid. Add 20 ml of a 0.1% solution of N-(l-naphthvl)-

t*tl^t^iiOElinmi:H> dihvdrochioride, and make up to a volume of 1 l i t e r . Kiep w a b r m t r 

bottle in the re f r igera to r . 

Potass ium permanganate solution - Dissolve 2.5 g potassium permanganate in tiibliliird 

water , add 3.& g r a m s (1.36 nil) of cone, sulfuric .scid, and , Lp»i^ to 100 n»L 

Sodium nitrjtc block solution - Add 2.030 g sodium nitr i te lo 1 V - distilled water. 

Sodium ni t r i te working solution - P r e p a r e fres*". by diluting I ml of stock sodium 

ni t r i te solution to 10Q nil. This solution of 0.0203 g NaNO, p e r hu- r is Such thai 

1 ml of i i : ; S working s tandard, • "^d to the absorbing reagent, produces •' • Jlor 

•xjuivaiom to lhai of L0 **1 of NO., o r 10 PPM of NO.( tn 1 l i t e r of .iir .it > I P . 

t\ 
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ANALYTICAL PROCEDURE 

F O P less than 1 l i ' M NOh>: 

1. ('•lace LO ml ahsorbing reagent in a fritted gl^Sb bubbler. 

2. Collect the sample at J 0 . v l / m i n ra te for a t o m 10 minutes or until 

sufficient red-violcr color has developed. 

3. Allow sample to set for 1 5 minutes for full color development, t r ans fe r to 

euveite, and read at 550 nni in the spect rophotometer . Use unexposed absorbing 

reagent to set instrument at Q absorbance . 

F o r more than \ PPM NO^: 

U Collect sample in an evacuated 250-ml or l a r g e r bottle containing 10 ml 

of absorbing reagent . Shake sample after collecting. Let set tvr 15 minutes . 

2. Rend &\ bbO nm after t rans fe r r ing the liquid containing the NO^ to a cuvette. 

CALIBRATION 

1. To eight 25-mi volumetric flasks, atid 0.05, 0 . 1 y > 0.20, 0.30 p 0,-JQ, p,no t 0.U0, 

unci 0,70 nil of the working n i t r i te sohtlioH, 

2 Dilute to 25 ml with absorbing reagent and mix. 

3. Allow to s<"t for 15 minutes and then read at 550 nm against a i ^ o of absorbuig 

reaprn t . 

4. Plot the absorbanccs of the s tandards against u l of nitrogen dioxide per ml of 

absorbing reagent. The j a t c r values a r t ci,uul to the corru-sitftitdiof: ml of 

wording ni t r i te solution t imes 0,-1. The plot fallows B e e r ' s L j » , Drjw • 

str;L uhi line through the origin giving the best fit, and determine iho slope 

K, .^.'-ich is u l cf ^ O ^ intercepted at absi»rba:ice of exactly 1* For 1-cm cel l s , 

the aJue of K = 0.73. 

CALCULATIONS 

The mola volume at s tandard conditions of 7G0 mm Ug and 25°C ih 2-L47 li ters* 

G.?2 mob of sodium ni t r i te produces the same color as 1 mole of nitrogen dioxide, 

Sinro 1 i rif the working solution contains 2.03 x 10 g rams N.iNO r and molecular 

weight - ', then 

2 J * *J< x ? . V J I O _ S h t e r , of M,.. or 10 ^ U 
69 0,72 

1 ml uf « lie saliilior, tlQul MX,> pel - ' - ^ volume i* equivalent u> | t > / j j u r 

I>.1 (i) of , O n |»rr mL 



Compute ihi: cojictJ.traiioji of nitrogen iliuaide in thr sample by the folluwing 

A ~ jbsofbancc 
K = slofK' of calibration curve 
V : volume of nir sampled m l i te rs pe r ml of abficrbi/tfr rejge:;! 

In fe rence 

1, Saiizmaii, tir E*, "Coloriinulric Xficre-c/eierminat'on of Nitrogen Diojdde 

in the Atmosphere*," Anal, Chun),, 2b t 1115-1, p. liM'J, 



UZUNL LN AIR 

(Titrat ion Method) 

Abstract 

Ozone ib collected i'= K[ solution and the icdir.e liberate*! ii, ti:ruli_-;i vwth sodium '.hiasullaie 

using s ' ; irch as ar. indicator, 

AH'UCATlONh ANU LIMITATIONS 

This method is rapid, s imple, and uses no expensive equipment. The sensitivity is 

'^pendent on the vo;i»me of aii" sampled. The main l in i tu t ion is tliat the l iberated iodine is very 

sensi t ive to reducing vapors or 'lusts FUCII an SOb> o r ILS. Al to stj u ny oxidants such an halogens, 

peroxiuVs., e ' . c , m i l l ibera te iodine. 

APPARATUS 

Mid£b±_bubbler, al l giafis 

Buret , ii-ml capacity 

Magnetic s t i r r e r , with teflon-covered bar magnet 

KKAGKNT5 

Potass ium :odtde solution i3*i) - P r e p a r e fresh daily 

Starch indicator ppluiion ' Dissolve i ^ suluble s i a r r k m 100 ml of l>oiJi:i;f 

distil led \ ia ier . 

Il\drocli1 nrjg_ac i d, 1:1 in distil led water. 

Potassium riirhroniPjc H M ^ ) *.!ll)4 ^ Idrleil for 2 hours n\ n o ° C ) U ^ r ^ ) , 

dissolve in 1 l i ter of water. 

b y ' U ^ i Unqsoji[ihaUr (0.0IM - Dissolve '."» £ N a . / ^ O j • i H,/J i:: 1 l n e r of 
distilled A,iier. Standardize ii^ainM K,Cr j ( U.. b\ the following r^irrhotL 
Dissolve j pKI and A p NaMCO in iOD n-J H P Jtl; add 5ta*i> 1:1 ilCl Willi ••» 
mure CO, i.-. r^ t ' j s i ' r i , Ihen add 10 ml tixrcj-,« 1:1 HCI. A,J«J J'T m] u\1 N K . ( l r 7 < l 
and nus ihoruughl>. ' ^ ( ! d s t i r r ing bar and pl.i**i* or. matfneur s t i r r e r . *A U1< 
s t i r r ing , t i t ra te with thio^ujfate to a light *=tr;irt U ' H O A . Ami 1 ml ttUrcJ-
uuhvAHiv iiiut ; \ \ ra\v until live blue L*. rejilacva *ith tlie p*le ^rt-en color «»f 
CrCI . Kroni the volume of tliiusulfa'.e UM/I), ruleuJaie tin- n o m u l i t * . 

i i 
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ANALYTICAL PROCEDURE 

1. Collect samples in LO ml fresidy prepared KL 

2. Trans fe r col luding solution to an Erlcinmeyer flask, odd teflon 

s t i r r ing bar , and plane on magnetic s t i r r e r , 

li. Add I ml 1:1 UCl and 1 ml s ta rch indicator, 

J. T i l ra tc with s tandard thiosulfate To the co lor less end point. 

CALCULATION 

1 ml COIN Na^S^O " 0.24 mg ozone 

Reference 

L Byers , U II. k and Saltzmiin, B. E., "Determ(nation of Ozone in A\r \>y 

Neuiral MU\ Alki.linu Potiissium Iodide P r o c e d u r e s , " A ^ i e r ^ n d . |_l^g. 

Assoc, J „ 11L l ^ t t (>. 251. 



OZONE 1,\ AIH 
(Color LtnL-iric Method) 

Abstract 

Air :& drawn tkrou . J midget impingcr containing 10 mi of neutral ]>otassium iodide 

solution. T}-'.'- ozone libera* -. iodine which is determined colori~iotr^cally at 35- nm, 

APPLICATIONS AND uv.i mo t t s 

The analytical raiu-• expends from 0,01 PPM to 10 PPM, T|,c? methou i >imple and 

rapid. Main interferences ;i!-c reducing compounds such as sulfur dioxide &iid hydrogen sulfide. 

Soirjc oxidants &uch as halogens : nd hydrogen peroxide will a lso iJ/.erferc. The ser-sitivity of 

tiie method is dependent oi: c volume of a i r sampled, and the analysis must bu completed within 

1 hour after samiilLiig. 

APPARATUS 

Mil Ret i njilnfier, I glass 

Assor ted laborati plassreare 

R E G E N T S 

Absorbing redeem - HiL Ivo 13.CI g or potassium dlhvdraRen phosphate, 14,U g <jf 

anhydrous disodi. n hydrogen phosphate and 10 g of potassium Iodide in that o rder 

in L l i ter of dlst i ' <-d water . Store In brawn tioltlc Ln a re f r igera tor . Make monthly. 

Iodine slock solu on (Q.OUaM l 0 ) - Dissolve successively 1C ^ of Kl and 3.1730 g of 

iodine in exact ly *lfl ml aistlllcd wjtcr . 5tant /ardire uiift Q..1QK sodium tliictsuliaU\ 

Iodine working •;. i J lion (O.0Q125M 1 J - Fipel 5 ml of stock pglution Into a 100-ml 

volumetr ic flask nd dilute te the mark with the absorbing reagent. 

ANALYTICAL PROCLDU 11 

L Pipet 10 n absorbing reagent into the midget impinger. 

2, After r e o J ing samnfes . measure volume ami Im ruffrr to cican cuvette. 

Do not dlli • with r inse water! 

3. Uelfrmiiu lie absorhance at Atil nm usin^ distil led water as the reference . 

Also determine the ab^orbance uf a reagent blanls. 

i". 



1. Ilun .1 >tTit*!f uf MamLirdw through su-p* .1 and '- h\ p ipf t i inp Q/2-r 0 ,4- , 0 > - . 

Jni l O.H-m) por t ions of tin- viorkinp. so lu t ion 10.1, 0.2, 0. t ami U.4 mnok 'S 

I J ( / 10 inl ur a b s o r b i n g rcapiuii) in s e ^ a r u t v £5-ui l vuluriii ' lrlc f lasks and 

di lu te to the m a r k wLih abflorbir-i! r e a g e n t . Mix well and road the absorbanct -

of each at :J S'i ntti. 

.">, rioT altsorluiiLOs (af ter s u b t r a c t i n g absurbam?e of reader-! blank) vor.sus 

m o l a r r i 'nre i i i r a t ion in j J ino les /10 ml . 

CALCINATIONS 

S in re 1 mu le of ozone l i b e r a t e s 1 n .ole of iodine , ofio uan road d i r o c l l \ from the call-

brat ioi i c u r v e j jmok-s of o^or.o if tht- to ta l s a m p l e volvunc is 10 ni l . If :l:e s a m p l e 

was diluted p r i o r to a n a l y s i s , \\iv p r o p e r dilution fac tor munt be included in tike 

ca lcu la t ion . 

1'1'M ozone 
^ m o l e s ozone x 24.45 

vo lume of a'.r s a m p l e d in l i t e r s at ST1 1 

Refe rence 

1. ' Tenta t ive Methods for the Ana lys i s of Oxidiz ing Subs tances In the 

A t m o s p h e r e , " .American 1'ublic Heal th \ s s o c i a t i o n , Washington, IXC, 

44101-O2-70T, 1072. 

4S 
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M I J C A t* MK 

Abstract 

S a m p l e s a r e d iges ted in phosphor i c ac id to r e m o v e s i l i c a t e s , ' l i s s aHed in ii>t)ri>nut)ric: 

ae id # and s i l i ca coruenl i s d e t e r m i n e d e o l u r i m e t r i e al ly a s silic-oniulyljilatt; M'20 nml o r .is 

molybdenum blue fB2D nm) . 

APPLICATIONS A.\D LIMITATIONS 

Concern r a t ions froin 5 py to HO py can be de t ec t ed in tin? molybdenum -blue r ange ujjet 

from 0-1 nig t o 2 .5 nig In tho s iUcomolybda tu r a n g e . Sulf ides , n h ^ p l i a i e , and l a r g e a m o u n t s of 

I ron i n t e r f e r e and c a u s a low r e s u l t s . 

APPARATUS 

I•hillijis b e a k e r s , 250 ml 

I ' jmno], 50* m m , with s lum bent a t -15 d e g r e e s 

P r e c i s i o n Uqatur , 550-w^t t , mounted an rotatttiii t ab ic 

C r u c i b l e tonr;s, padded with r u b b e r 

C o n s t a n t - t e m p e r a t u r e w a t e r bath 

P l a s t i c b u r e t , £5 ml 

1'olvcthy 1 enc_beakc r s , 125 ml 

l*t>lyethylene p ipe t t e , c a l i b r a t e d , 1 nil 

lMasVie g t i r r igf l r o d s 

Po lye thy l ene , thin shee t 

S] > e_cirop h oi orn ct c_r 

HEA CENTS 

Hydrof luor ic ar_jd_ Hfl !•> 

P h o s p h o r i c ac id {B5"»l 

i l v d r o c h l o r i c ac id , 1:10 

fieric acid solu t ion <J"V) - D i s so lve 200 g of bor ic acid crr \Mal* in 4 l i t e r s of 

l i ^ ^ l l c u wa te r . F i l t e r th rough a 0 .45 - in i c ron m e m b r a n e f i h e r . S to re in •• 

po ly r ihy lcne t i m i a i n e r . 

U J 



Molybdate reagent - Dissolve bU g rams of ammonium mol>bdatc totrahyclrati: 

id JULHII 400. ml of tvalcr, ar-dif; with 40 ml of concert raWd .sulfuric ;JLJI), CDUI, 

and dilute to S00 ml. Store in the dark, 

^i-fy.r i- c_i l Cii J f lOrsTj - 555 nil of concentratL-ii sulfuric acid is at;ded cautiously to 
\, ^ l i t e r s of water and diluted ID 2 l i t e r s when cool, 

Keducing solution 

a- D £ i?f sodium bisulfite dissolved in SO ml of water, 

b . 0.7 g of anhydrous scdium sulfite, plus 0.15 g of 1-amino, 

2-naphthol, 4*sulfonic acid dissolved, in that o rder , in 

10 ml of water. Solutions a and b a r e combined and diluted 

In 100 ml. Store in refr igerator* Remake every momii. 

Stock silica solution - 250 nig of flnel; ground, acid-washed quartz is dissolved 

in 10 ml nf 4»f* hydrofluoric acid a:ul diluted with water to 500 ml* 

11 ml - 0.5 nig SLO„), Store Ln |iolyethylene container. 

Working si l ica solution (20 ug SLO^/ml) - Dtiute 4-ml stock solution to 100 nil 

with distil led water , 

ANALYTICAL tltQCtiDUtlti 

1, Preheat heater , voltage set at 75 volts, for 45 minutes. 

2, A 200-mcsh weighed sample containing no more than 2,5 mg SLO,, o r 

a filter on which a i rborne par t icu la tes h a w been collected is placed 

into a ['hillips beaker , 

3, a ml of n i t r i c acid and 2 ml HClO a r c added and the sample heated to 

absence of brown Fumes and near dryness. The process is repeated until 

a white res idue r ema ins , A blank should be ca r r i ed through all s teps of 

the analys is . If a bulk sample is used, only the ni i r ic acid is used as a 

blanK 

4, Add 25 ml 8 5 ^ phosphoric acid, place bent funnel in beaker , ,»lace on 

hea te r , and s t a r t ro ta tor , 

5, From the t ime the sample koils, l ime for 12 minutes. Afti?r each minute 

of heating, swir l beaker by grasping it with padded crucible tongs to 

prevent superheating, 

C. At the end of 12 minutes , remove beaker and swi r l For 1 minute to dissolve 

any gelatinous sUica from s ides of beaker* Let cool to room tempera tu re 

on cool surface . 



" . When cool , remove? funnel caut ious ly and wash down b e a k e r wiili 

1'iS ml hot li30-'fOQC> d i s t i l l ed w a t e r . Swi r l v igo rous ly l o d i s s o l v e 

u l l t h e s y r u p y p h o s p h o r i c ac id . 

3 . F i l t e r Ihc s a m p l e with suc'.ioii through a 47*msji mcn:bra r .e f i l te r 

( 0 # 4 5 J I ) . Wash thoroughly with 1:10 HC1, 

'X I ' l a ce *he f i l t e r e i s c s flat in the- hoSlDKi cf a 15Q~mJ ^olycth^lvrw 

b e a k e r siiid add 0.5 m l of 4B% bydro f luo r l c ac id %vtth a c a l i b r a t e d 

polye thylene p ipot te . P r e v e n t evapora t i on of the hydrof luor ic acid 

by f loat ing a thirt po lye thylene d i s c , s l ight ly l a r g e r than the f i l t e r , 

upon the- a c i d and allow it to s t and for 30 minuted to d i s so lve the 

s i l i c to - j s covnpontTtts, 

10. W\ti\au* r e m o v i n g f i l l e r o r ivalyeihyltme d i s c , ;idd 25 ml of wa te r 

a^d 50 ml of 5" 3 b o r i c ac id so lu t ion , 

11- S t i r with a p l a s t i c rod and p lace the b e v k i r In a cons tan t t e m p e r a t u r e 

w a t e r bath con t ro l l ed at 40*C to 5D D C, Let static) for 10 m i n u t e s , by 

which t i m e the e x c e s s hyd ro f luo r i c ac id wil l have been inncHvaled by 

the b o r i c ac id and the solu t ion temper^ lurL ' will have rifatri to ; /a°C or 

4Q°C. 

12. Add 4 m l of a m m o n i u m molybda lc r e a g e n t whilf s t i r r i n g , and let 

sidjrd 20 minu t e s a t 35"*C to 4 0 C C for deve lopment of the yel low 

s i U c o m a l y b d a t e color« 

VA. Remove the b e a k e r from the w a t e r bath and des t roy phosphomolybdaU" 

by adding 2D ml to 1 0 \ su l fu r i c ;icid r ap id ly while s t i r r inp , . Jf a 

p ronounced yellow' co lo r ing r e m alt is, pou r in to a p h u i o m e t e r ce l l and 

r e z * i m m e d i a t e l y at 420 a m . 

14. If t h e yel low c o l o r i s b a r e l y p e r c e p t i b l e , ^^d 1 >»1 \>f r t J u c u \ y so lu t ion . 

J to 5 MI taut us af te r addi t ion of the su l fu r i c ac id , and s t i r . After 20 

m i n u t e s , r oad the blue co lo r at ti-0 nm. 

l a . A ca l ib ra t ion c u r v e in the s i l i comolvbda t e c o l o r r a n g e is m a d e by dilutLit* 

1 - , J - , 5 - , and 7 - m l a l i q u o t s of the D.b-mp^ml s lock s t a n d a r d t o 2b ml in 

j iulyethylene b e a k e r s ai>d p r o c e e d i n g a s in s t e p 10. A h s o r b a n c c Vf-^as 

nig S i O , i s p lot ted, 

Ifi. A ca l ib ra t ion c u r v e m the moM>di mim-bjev r a* i h e >K inade k>\ uj!uiir>£ 

\-t 3 - . a-, and 6 - m l uht juols of the 20- j ig / " i l " o r k m g stumLird i\f 2j» iul 

m poUethyVtnt bvafc-vrs and i*ro««vdu*ft a s in s^tin 10. Absurbance 

v e r s u s ug SiO., is plot ted. 

A 



CALCULATIONS 

Milligrams or m i c r o g r a m s of SiO a > pe r scruple is read from tin? appropriate 
calibration curve . 

o r 

mi; SiO,,/gratn of snmpli> 

T- S i a 

mg -SiO in sample 

sample wt in y r a m s 

mg SiQ 2 x 0.1 

{• of sample 

PB SiQ d > /grain of sample *ig S i 0 0 In sample 

sample M ''i g rams 

°"- sio . * 
Pf iS iQ 2 x O.0QQ1 

gram of sample 

nig s iO^ /m ' Ug SlOrt from calibrat ion curve 

vol, of a i r sampled in l i t e rs at STI 

Reference 

1, Talvit ie , >»', A., and Hy*ilop, F rances , Color imet r ic Delermination of 
Siliceous Atmospheric Contaminant / 1 AI1IA Journa l , 1!>, 105U. 



SILICA Itt POLK aATrtl'LKS 

i 
Abstract 

S\Uca\ts a r c dissolved in phosphoric acid. Quartz is £t}ja.raLcd hy [iU.ru.tion and dtl t-r-

mined by volatilization with HF. 

APPARATUS 

Furnace , capable of reaching 1000'C 

PhilJips beare r , 250 ml 

Kunnei, 50 mm with stem bent at -J5 degrees 

Prec i s ion healer , 550-walt, mounted on rotating table 

Crucible iQn^s» with rubber tubing s leeves 

F u n n d , 70 mm long r t em 

Funnel rack 

Craduated cy i jader, 25 ml arid 100 nil 

Gradua'.vd cylinder. 10 nil plast ic 

Platinum crucible, 25 ml 

Cmc- ' i lc loflfis, platinuir.-tipped 

Sand bath 

F i l t e r paiH^r t 11 cm Whatman No, 42 

F i l t e r paper pulp 

H^AGESTS 

Phosphoric acid, cone. (B5^ H^PO ) 

Fluorboric acid 

Sulfuric aciP, 1:1 dilution 

Hydrofluoric acid UGTa HP) 

Hydrofluoric acid, 1:9 

Silica Mandard - I'ucificd and finely ground sea sand, J*!',!*'"** m.*\ S'c used. 

• 1 
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L'uocnu'iu; 

1'reheat heater , voltage BtiL at T5 vol ts , for 45 minutes. 

Weigh I wo 0,5-g, 200-mesh samples into Phil l ips beakers . 

Add 25 nj] Bf»'& phosjtfioric acid, place bent funnel in beaker , and 

place un heater , Start ro ta tor . 

From the t ime the samples boil, t ime for 12 minutes. Afier eauh 

minute L>J heating, swirl beaker- by hand to prevent superheating. 

A- the <_-nd Q f u mtr.utcs, remove beaker and swir l fo*- 1 nibiutes 

IQ tlisstiU't* ,-my gelatinous silica [com s ides of b*Mtkt*r. Let cotri 

to room tempera tu re on cool surface . Removed funnel cautiously, 

Whim rool , wash down beaker with 125 ml hoi 0*0-70*0 distil led 

water. Swirl vigorously to dis&Qlve all \}\e S\ mpy phosphoric acid. 

W'UAU d 0,vn upper beaker with 10 nil riuoburlc acid {use plastic 
e.ruduai<.f, Swirl to mi s . 

Wash tlown btrakur with 25 ml hot water . 

F i l t e r through Whatman No. 42 puper which contains .1 smal l 
amount D f filter pulp. 

Trans fe r sample quantitatively to the filler with dlstiJlc-l water . 

Wash lo tiaivs with ho« 1:9 l\C\ fo l ia ted by two washcb »>iih water . 

T r j n i t f r p^jier * res idue to a tared platinum crucible- Dry, then 

tgr.Ue at \Q\\ heat to char paper, then heat for 20 minutes to U5U°C, 

Cool e rur ib le , dess icate , and weigh. This weight is the phosphor• ic_acid 
r e s i d u e 

Moisten residue with 1:1 H SO , then add 5 ml JB*i HF. l ic i t gently 

on - sand bath to dissolve the quar tz . 

Increase heat lo volatil ize the acids , 

Repeat ihf addition of H,SO and HP to ensure complete volatilization 

of the s i l u a . 

Ignite J I 1»50*C for a feu minuter , cool, dess icate , and ucight. This 

res idue is the HF acid res idue 



CALCULATION 

Ml sample 

\\i crucibJc * H PO residue 
-s 4 

Wt crucible 

Wi. l i i ' O residue 
J 4 

Wi crucible + HF residue 

Wt cruible 

Wi JJF res idue 

A s 1D0 
Wt, sample 

B * iqg 
Wt sample 

C - D 

e 

c 

u 

K(A) 

e 

c 

E<B) 

O. rosi & H,P O. rosi due iC) 
™ — — *s 

-*IIF res idue (DJ 

Ts freu silica 

Reference 

K Talvitie^ N. A,, "Deternjinjition of Quartz in Pre&ence of Sil icates Using 

l L P D . , " Anal, Chero,, 23, l »5 l p p . 623. 



3 C L F U R DIOXIDE IK AIR 

A b s t r a c t 

Sulfur dioxide i s abso rbed f rom the a i r in a so lu t ion of pu ta s s ium fcl^achl&rume^cura^.• 

{TO\*,. J'hc cumplex which i s f o r m e d i s r e a c t e d witn p a r a r o s a n i l i n c and formaldehyde and d e t e r ­

mined c o l o r i m e t r i c a l l y a t 54B nm. 

APPLICATIONS AND LIMITATIONS 

T h i s method i s s e n s i t i v e , r e p r o d u c i b l e , and s e l e c t i v e . T h e l o w e r l imi t of detect ion iF 

0.01 P P M [2rltl±'r.: J of SO., in a 3 0 - l i t e r nr s a m p l * . Tne ana ly t ica l r ange is V.2 to 35 nj; in ih rr,\ 

of fin.ai snlut ici i . The i n t e r f e r e n c e s can L* c l i m f r ^ e d t.a* --y. Divides of nilrc^ciT a r v deiiErojctf by 

adding su l famic acid. Ozone is de s t royed by al lowing a Uinc l apse of 20 to 30 minu lcs from s a m p l i n g 

!o s t a r t of a n a l y s i s , Heavy m e t a l s a r e complexed hy the addi t ion nf EDTA. CAUTION: The TCM 

reiijfent i s v e r y po i sonous , 50 u s e c a r e v\ a l l l i m e s , 

APPARATUS 

High-eff ic iency, bubb le r , al l g l a s s wrapped wi.lt 1 a luminum foil 

S11 c ct r op h ot on ie* e r 

A s s o r t e d l a b o r a t o r y ^ l a s ^ a r e 

REAGENTS 

Absorbir ip r e a g e n ^ 0.04M p o t a s s i u m telrachloromf*. c u r a t e (TCM) - Disso lve 10.HG £ of 

m e r c u r i c c h l o r i d e , 5.GG g p o t a s s i u m c h l o r i d e , arid 0.1 g e thylene d t a m i n e t e t r a a c e t i c ac id 

d isodjum sa i l (EDTA) in 100D iiil of d i s t i l l ed wa te r . Keep in da rk COL«1 p l a c e ; d i s c a r d 

if p r e c i p i t a t e i£ fo rmed , 

Sulfamic a c i d (0,G<\] - [ v ^ s o l v e n.c c ^-ilfarni? i n - - - «nr —1 -<;.:'."< • - 1* 

L»vcn -i du\£*, 

H w f r w n l o r i c ac id UMJ - p i l u l e H6 ml uf cone . i l O t<i I In-, r tilth di>-illvd wa te r . 

V l u ^ p l m r i c ac id i.\y\} - Di lu te ' ] ^ a ml ol cone. H 1*0 10 1 \1\VT » tth ihr-Ulmd w a t e r . 

Stock t |ar ,»rosanii iUc (O.^i.) - D i s so lve 0.2 p >f l Jit- dye in 100 ml of IM HC1. 

Pjr- ' i r^sanihm." r e j g e n t - T o a 2 5 0 - m l vo . . T a s k , atfd '.'At ml tif istock p . i r - r o ^ u u l i r r 

ainj L'̂  'ill of 3\1 II J^O,* aj*d dllult' u> volume u-jih ihsi ill-'n ,uki r 

VuryiJl tk-nwIc i0 . i%) - DtltCt :• uil nj ,17 ~. ]\—luLdehxuV \u \ h w r * nti J i^ i lU ' - i d jK-r . 

I ' r e p a r c i«"»i->. 

5 * 
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Stuck in l ine -sol-iUon (0-1XJ - Dissolve I'J.T £ iodine an;i J.o x KI ;:i U5 ml lu t i - r , 
When [iiiiPoived, dihr.u tt> i l i ter with distilled water. 

'A'orkirig_ij>dipc* "iOluUon 10.01NJ - Dilute SO ml ct slock iudvr.c suluiia;i tc 500 ml 
will: distilled u :er . 

Standard Q.01N ^•UiuniJJ;i esulf ate - See oio-ic procedure for or spar ing 'h i s 

rita^oard 

••?: ;mdard Sjilfilt aolijtiD^ ( ^ J S P p g / m l £UHJJ - Dissolve D>-J £ of so;'iujr; sui/ i tc 

(Nii^SO, ) or 0m- % of £otiiuj» j; jrtabjsu;fi:e L \ , r ( S F > OJ in 50D rxrl of 'Jjstilled -A-ater-

The uciual com ntral ion is found by bacfc tiijMilori by the following; 

1. I'i^Hii 25 :- I of distil led watLT SJIIO 5dQ-:^l corneal flask labeled B, 

2. Pipe". 35 r I of star.durt) sulfite solution into a 509-nil Conical flask 

labeled A. 

3. I'ijiet 50 n Of D.Dltt iodine solution to flasks A and U. Stopper the 

flasks and .ulow lo roJcl fur 5 n^itmles. 

-i, Tt i ra te each tirttk s'.andttnl D.DlN th:Qs'jJf.itt' fJuZitUovi to .* f;ale yellow 

color. Atkl ' nil s t a r ch roiutio.'i atift cofi:£ntf<> tiiriitittg vitiil (he c / te-

afsfjejrancc if the blue color. 

5. Calculate '.h< concentration of SO, r liy the fallowing 

. w , n (A-li)SK 

A = ml of thi. sulfate solution requi red for t i t ra t ion of the sample , 

B - nil of thk sulfate solution requi red for i l t r a i in i of the blanfc, 

N = normaUts if the tfrfosalfrte solution 

K = nitllicquiv.Uent weight for S 0 0 > VJ010 
Ad 

V = ml of samj * taken 

M'orkfoe. sulfite soktiUoii - l*ipct - ml at the stanttord sullut- *filutioji inlo a 

100-ml w l u m e i r i c flu.- - xnti dilute lo the mark VMIIJ 0,04M TCM, fii i i solution 

is tflahle far 1 moulh li Ihe rclrigcratar* 

ANALYTICAL MtOCKDlUlE 

L Add SO ml alisorhin reagent i*i hi^h-cfficivncv Imbhler. Collect 

between 4 ami 5 lit* s of a i r . 

'J, TrniMifor a IG-ml al juot of fhi? sJmiifi' r-' J i i - m l Kr;tifuatcd cycliudcr 

and wa;t 20 i i imulrs jflt*r ^Mrn^Iirtg t<t .tllun i?re o^sijw* lo ih-compose. 



:i. t'rt-fwrv A rejects blank i>: this \>Qint 6j adding 10 nil of jML-*posed 
absorbii,^ reagent to 3 25-ml graduated cylinder. 

4_ To <-ach fliisJc* acid 1 ml of Q.UVT i j l farnic Jicid and allow to react fur 

10 minutes *.o destroy the* ni t r i te from oxides of nitrogen. 

3. Ad J 2 :nl Df the 0.2% formaldehyde, then 5 ml of pararcsani l inc reagent. 

Dilute to volume with dis l iked water . 

G. After .̂0 mtmitcs, determine the ahsorbances of the samples* a<u blank 
at 5-1B nni. Use water a s the re fe rence . Rinse cuvette after reading to 

prevent a film from forming-

7. P r e p a r e a calibr£*iin curve by pipetting 0, 1, 2, 4, and 6 ml of the working 

sulfite solution into 25-ml graduated cyl inders and adding sufficient 0,04M 

TCM to each to briny thf: volume to 10 ml. Proceed as in step 4. 

fi. Plot /jg SO,, against the absorbancc of the standard*;- Draw a straight 

line through the origin giving the bes t fit, and determine the slope K 

which in j ig/ubsorbunce unit. 

CALCULATIONS 

S O j P P M = ( A - A o ' ™" K 

A = sample absorLONce 

A reagent blank absarhancc 

0.3H2 = volume <jil) of 1 ug or .S0 2 at STJ J 

K = slope, Pg absorbanqe unit 

V - sample volume in K ' e r s correc ted to STP 

SO- iiifi/m * n\* SO„f l i t e rs of a i r sampled al STP 
2 

(A - A ) K 
o 

Refe ren t s* 

1. Sulfur_pig\ic3o Content of the A ^ a ^ h i - r e , ASTM Standard D ^ i M , 11171 

Srar ingol l , K. G , i?altzma:: f B. K. -nui P rey , 5. A. SperIroj»hi>?o:m'irir 

I Vi ' r imnac ion of Atmospheric Sulfur Dio<id».', Anal Ciir-m*, Vol, i!' p 

So. 14, l'Jt.7, p. 170!'. 
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'I KICHLOKOACETIC ACID IN LlUNk 

Abstract 

Ct-rliiuj chlorinau-d hydrocarbons, aldehydes, and acids undergo the yyjj . iara pyridinc-

alkali react ion which produces a cha rac te r i s t i c pink color, Estimation of exposures to t r ieh loro 

ethylene by urine analysis is c a r r i e d out by development of a ^yridinf!-potassium hydroxide plus 

t r ich loroace t ic acid complex in an aliquot of raw urine, Tht comple* concentration is measu red 

at 530-nm wavelength. Quantities g rea t e r than 35 mg/ l i ter of t r ichloroacet ic acid in the urine 

indicate an exposure to t r i ch lor D c lhy lene . 

APPARATUS 

Assor ted labora:ory g lassware 

5p c ctrgpl lot om et c r 

REAGENTS 

3»3M poiassimn hydrofrljc - Dissolve 1W5 fi KOH in 1 l i t e r of distilled water. 

Pyr idine 

Toluene 

TricljLoroacetic_Jcid stpgk sol-Jlion - Dissolve LO £ TCA in I l i :er of distil led 

water . Standardize by u t ra t ion with s tandard alkali . 

Tr ich loroace t ic acitl s tandard - Dilute 5 ml TCA stock tolutinn tu 1QQ n\I with 

distil led water {1 m! 50 pg TCA), 

ANALYTICAL PROCEDURE 

I. \ U \ 1 ml toluene, 5 ml 3.3M KOI1, and 10 ml pyrnline in a 40-ml cer.trlfupe 

tube. 

3- Atid I mj urine and place iii a boiling-water bath for 3 minufei . 

3. Cool immediately in an ictf-water bj<M. 

A. Treat a blank ami s tandards of 10, 25, and 50 pg TCA in the same manner 
i .e. , 1 ml s tandard » 5 ml 3.3M KOil * 10 ml pyridine. 

b* Uvnurtv ihv tuLw.'̂  iroi™ the vie bAth «lwu cool, a*ui j n ^ i 5 m.1 organic 

ph.i*e into a 50 ml Uc-iker containing d ml distil led " J l v r . Mi* » H L 

f., Mi-ajiiirc tne a l ^ u r l u m c of the M J I k, MJinLird>, ami s.ini|»li^ at J lu inn 

t l 



CALCULATION > 

]'lo'* ^g TCA versus absorbancc of s tandards . Read sample concentration 

from iliisi fitan&ird curve . 

n:g TCA/l i te r urine = fig TCA in l -n ; l urine aliquot 

References 

1. Elkins, H. B,, The Chemistry of Indue t r i a l Toxicology. J , Wiley & Sons, 

Inc. , Kuw York, 135U, 

2, Seta, T, A, and Schultz, M.O., "Determination of TrLchloroethylene, 

Tr ichloroacet ic Acid, and Trichloroelhanol in Urine ," Anal. Chcm„ 2iit 

1056. p. 1G25, 



SECTION E 

GENERAL RAD'OCHEMJCAL PROCEDURES 

A number of chemical procedures a r c used by Sandia Labora tor ies Environmental Health 

Lal>oratory for the analysis of radioactive ma te r i a l s . Sandia Labora tor ies iu& maintained an 

e n v i r o n m e n t monitoring p rogram (soil, water , and vegeiaticnl s ince I D J ^ . This program deter -

mint-s whether there is increased radiation exposure to tbt? general puhlir an<i to »"nat magnitude-. 

A number of routine measurements a r e made for gross beta activity and p]utor*iUm» 

Personne l working with radioactive ma te r i a l s such a s plutatducn, uranium, t r i t ium, e t c . , 

a r c routinely sampled in Che bioassay p rogram. Eioassay is the analysis tif body fluids or wastes 

to detect possible exposure to radioactive ma te r i a l s . This i s valuable when exposure has been due 

to radioisotopes lhac do not emit penetrat ing gamma radiat ion, (Whole body counters a r e used when 

high gamma radiation Is emitted.) 

Other routine p rograms consist of t r i t ium swipes and g ros s alpha, beta, and gamma 

counting of swipes and a i r f i l lers for surface contamination* 

4 



ACT1MDES IN" L'Ri-VL AND WATER 

Abstract 

Some of the actinides that may be determined by this method a r e Am. " Th, Po , 

V, Np, ' Pu, and Cm, Urine is ashed using ni t r ic acid and hydrogen peroxide?. The 

ash i s dissolved m hydrochloric acid aftd the act inides electroplated from an ammonutm chloride 

plus hydrochloric acid electrolyte . The isotope is identified and quantitated by alpha spec t romet ry . 

APPARATUS 

Clect rg^latuifi device (see F i j u r e 2) 

Si lver fo i l d iscs, 0,005 inch thick 

] J lat i :vjRi wjrc j electrode, 0,0^ ir.ch diameter, lOTa rhodium 

*&Mi 

REAGENTS 

Figure 2, Electropiating Device 

HydrgghlurH.- acid, cone. i3Gf3 UC1) 

Hydrochlor ic ac id, 2N - Add 1G? ni l cone, HC1 to water TinU di lute to 1 l i te r . 

Alt'iiul rt'ti indicator solution 

A m m o j i i n f l i h y d r o x i d e , cone- (JO ""J 

6 J 



ANALYTICAL PROCEDURE FOR URINE 

L Ash 100 ml urine with 20 ml nitr ic acid a™ C ml 30f* 11,0,,. Add 

udditianal nitr ic acid, until a white ash >s obtained. 

2. Cool and dissolve ash in 5 ml 2N HC1; heat to dissolve if necessa ry . 

Also p repa re a blank for electrodeposit ion at this step by adding 5 ml 

of 2N HC1 to a lGQ-ml beaker . 

3. Add 2 drops of methyl red indicator and neutra l ize with ammonium 

hydroxide, 

4. J u s : acidify with 2N HCi and t ransfer to e lec t ro lys is cell with distil led 

water . 

5. Electroplate at 5 volts am-' 10D ma for 60 minutes, 

G, Run alpha spec t r a on s tandards and samples , 

ANALYTICAL PROCEDURE FOR WATER 

1. Measure 300 ml of water into a 400-ml beaker and odd 5 ml of cone. UNO 

Evaporate just to d ryness DO NOT BAKE, 

2, Dissolve residue in 5 ml 2N 1ICL and proceed as in step 3 under URINE. 

Reference 

1. Mitchell, R. F „ "ElectrodeposiUon of Actinide Elements at T r a c e r 
Concentrat ions, M AnaL Chem., 32, No, 3, March 13G0, p . 32G. 



CESIUM-137 IN SOIL AND VEGETATION 

Abst rac t 

After preparat ion of the sample , cesium is quantitatively concentrated from acidic medium 

by use of poUitsiuRi tax&c^anocc&sit (111 fe r ra te (U) tKCFj, C e s s i u ^ - 1 3 7 Is then "°terrained by 

y - counting. 

APPARATUS 

Assor ted laboratory equipment 

KCF Chromat Colurrm - The column consis ts of a G-ineh-long, 3/4-Inch 

polyethylene drying tube that has a s e r r a t e d tip on one end. The column 

is filled to a height of I inch with a wa-^r s l u r r y of 50-100 mesh KCF 

supported by a g lass wool plug* 

REAGENTS 

CQUC. nH.rlc_acUL U J > W I 

Anhydrous 9odiuni_ciirbqnate (Na CO ) 

Potass ium liejacyanocobalt (H) ferrate , Ui) (50-100 mesh KCF) 

SAMPLE PREPARATION 

Soil 

1 # If the sample is not dry , heat in an oven at D0*C for 2 hours . 

P lace -50 g in a ro l l e r mill and mix for 30 minutes. Screen 

10-20 g of the sample through No. 10 mesh sc reen . 

Vegetation 

1. P lace severa l g r a m s of vegetation in a Waring blender and 

blent] until The sample i,s thoroughly cut and mixed. 

2. P lace Jlxmt 10 g in J porcelain crucitrlc and neat in a muffle 
furnMC*.' at 430*C until a while ash renin in?. 

ANALYTICAL PROCEDURE 

1. W v\£h ou; J g of ihv soil or vegetation ash and [ilacc in .» 

nickel crucible . Add 10 p of X J ^ C O mi>» aini hv.il it , 

nwiiftv furnace M V0O%C o.-\iil fuMiui fu* (Jhvii pl j r - . 

http://hv.il


2. Cool and dissolve the fusion product in distii led waier, 

3. Acidify the sample with cone. HNO^ and pour through a prepared 

KCF column, 

4. Trans fe r res in m^t^r ia i xo appropr ia te counting vesse l with 

distil led water, I^et stand and remove excess water. 

5. Gamrcia-cour.t for 100 m i n u t e s . 

Re fe r ence 

U Boni , A. U . Anal , C h e m . , 3B, 89 . 10DG. 
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CL3IUM-137 IN SUIL, UR1NU, VEGETATION, AND WATKR - METHOD H 

Abstract 

After j i r c j ^ r i U w <<£ the. sample , cesiuro is separa ted fvmii the bulk of Hit safupte bv 
carbonate scavenging and stficotungstatc precipitation. Cesium is purified and counted as the 
insoluble chlc.rojilaUiiate. 

APPARATUS 

Assor ted laboratory equipment 

REAGENTS 

Cone, hydrochloric o d d (3C% MCI) 

6M hyiirofchl&rfc acid - DllUtu 500 ml cone, tlCl Lo 1 Htur u i th 

distil led water. 

Cone, ni t r ic acid (70% HKD ) 

2N ni t r ic acid - Dilule 125 mi cone. l l ^ O , to 1 l i : e r with disiil lcd 

u-atcr 

CJllormJaL-nic acid, (5% solution) - Dissolve 5 g U-PlCl - GH O in 
•_ o •-

100 ml distilled w**t<ii\ 

Syicotufifistic acid - Dissolve 11G g SiO^ • 1 2 U ' ° 3 • 2GII^O in 250 ml 
distil led water . 

Ethan ol (95T* tihyl alcohol) 

8N sodiu.i hydro, dc - Dissolve 1G0 g XaOH in 500 it,I ^ ; u l e d water , 

Spdiu• -: L-Jrbona 1 e, saturat*• d solul ion - Add N ' a ^ C ^ io 200 ml disti l l t> 

waUT until i:o more dissolves . Add i!0 g excess , 

Osv- im c a r r i e r solution - Dissolve IS.SJ £ CsCl in W0 ml disti l len 

™ ^ t r U n\l - 30 mg Cs>. 

Strontium ^ t r i e r solution - Dissolve 30.i> g S rC l^ > 611 O in SOO r > 

d i S i i l W tvator (1 ml - ^0 rr.g Sr i . 



* \ - r i . i . i K . J .sLvnu.\ 

1. Mix 300 e soil i» roller mill. Screen 10 g soil through 20-iflesh 

screen into 400-ml beaker. 

2. Add 1 nil Cs, and 1 ml Sr carrier solutions. Add 50 n:l cone, 

UNO... Eteat to r.car boiling and stir 10 minutes. 
L J 

3. Transfer to ^jnlriTugu tube; centrifuge, and discard (lie residue, 

•L 1'our supen.^e into original beaker and evaporate to dryness, 

5. Add 2G ml 2N UNO. and heat lo dissolve residue. Transfer to 

clean centrifuge tube. Keep volume ICH-: than 50 ml. 

1, To 1 liter urine sample in 2-lUur beaker, add 20 nil cone. 1INC t 

1 ml Cs, and L ml Sr carrier solutions. Evaporate lo dryness, 

2, Add 20 ml 'in UNO , warm to dissolve residue, and transfer lo 

centrifuge lube. 

Vegetation 

1. l'ulvertee 100 g dried vegetation and place in large crucible. 

Fire at 450*C for 1 hour until only gray ash remains. Weigh 

2 g ash into 150-ml beaker, 

'I. Add 1 ml Cs Ai\d 1 i\\\ Sr carrier solutions, and 20 ml cone. UNO, 

Ucat to near boiling JJH! stir ID minutes. 

3, Let cool and filter through Whatman No-. 50 paper into cctrifugo 

tube. Wash with 2N *INO„ iind keep volume less than 50 niL 

Wi i te r 

Trcai as for L'rine above. 

ANALYTICAL I'ltOCEDUItt-: 

1. To sample ui centnfugo lube, add BN NaOjJ until pll of U, Lvl 

-"ool Jo room tCf»|»tkraiurF ami add 5 ml ^ntfr^U-d Nn^CO 

solution, 

J. Ccmrafujii* jml pour sujH-rrjte inttf rlcjn JPD-cnl UeJkvr_ Wa^h 

prrci^itatt* with Ô ml hoi ilisiilkH water., CViurifu^o, and adtl 

w,»sh to Weaker. Hep*\»i wash. Placard prvcipit.iif K*r SJVC for 



'i. Slowly add 10 ml ctinc, HC1 l a beukcr . Heat to boiling far several 

minu te s and add 2 ml s i l l cot m i o t i c ac id solut ion, Heat and s t i r 

unti l Cs s i l i con tungs ta t e p r e c i p i t a t e s . T r a n s f e r to centrifuge* tube 

and i hill in ice bath. 

•1, Let s tand 15 m i n u t e s . Cent r i fuge , and d i s c a r d the s u u e r n a t e , 

fj. Wash p r e c i p i t a t e with 10 ml UN H C l , cen t r i fuge , and d i s c a r d wash. 

Kepeal wash if s a l t s a r e e x c e s s i v e , 

G. D i s so lve p r e c i p i t a t e in 5 ml 8N NaOH. Add 20 ml GN HCl ; cen t r i fuge , 

and d i s c a r d the yellow prec ip i t a t e* 

7. -\iiti 2 «i] J L P i C J „ SCGUUDJJ and hum oil boil ing w a t e r bath . Le t roo l 
•L G 

and f i l t e r p r e c i p i t a t e onto a weighed f i l te r d i s c . Wash with 5 ml 

6N HCl, 5 ml d i s t i l l ed w a t e r , and 5 m l e ihanoL 
B, Dry f i l te r 20 minu t e s at I ID°C, Let cuol* ai J weigh and mount for 

counting. 

CALCULATION 

137 , _ _̂  . _^___ _ n e l c p n j „__^_^___ 
dpm K,sigt o r p e r U le r - j r i . C O v t i p j . ) ( d r i e e t D r eff iciency) <g o r l i t e r sum 
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ENRICHED UJLAMUM IN URINE 

Abstract 

Uranium is Sfcjiaratad from urine by cop feci pi tut ion nith amnioniacaj alkaline uarth 

pJiosphbii? precipi tate. The precipi ta te is ashed, and U;e uranium is purlLud by solvent ( xtract ior-

Tilt etfirnci IE evuporat«d onto a s teel pldnchet tor counting. 

APPARATUS 

Glass -s toppered aradgatcs , 25*ml . 

Vvcor crucibles , 50-at\ 

REAGENTS 

Cone, hydrochloric acid (36TJ HCl) 

Cone, ammonium hydroxide, MJ O i l <3D^ NJI 1 

Cor.c, ni tr ic acid (70"> H N l ^ ) 

Cone phosphoric acid (fl5To IJ^PO ) 

3N^iniii mm 'i^drpxldc - Dilute 2T . ml cone. NH OH to 1 l i t e r with 

distilled v-ate-i. 

2N HNO -2N N a N 0 3 solution - Dissolve 170 g NaNOg in 2DD ml iliHtilled 

water , add 125 ml cone, KNO,, and dilute to 1 l h e r with dihtilled v^'.cr, 

Q.1M trl-n-octyl^hosph^ne asioe^tTOPg) - Dissolve 19.2 g TOPO in S00 rrA 

cyciohcxanc. Store in ambe r glass bott le. 

ANALYTICAL PElOCEDURE 

1. To 1 l i t e r urine in a Z-l i ler beahcr , add 30 "il cone. UNO 5 nil 
o 

cone. H 3

J J ° 4 i s n d lieat to B5 6 C. 

2. While s t i r r ing , add cone, NH QH until precipitat ion occurs , then 

10 ml excess , 

3. Cmrtinue nuatiftg -and Mir ring for GO minuLvs* Cover U\e bpaKvr 

and Jet stand overnight. 

-1. Check completeness of precipitat ion h\ adding a lew drops of 

ammonium hvdroM*;*?. 

73 



5. Dt-c«if)l, o r a ipbon off the s u p e r n a l e , be ing c a r t f u l not io d i s t u r b 

iht- p r e c i p i t a t e . 

G, Filter the p r e c i p i t a t e onto a Whatman No. 50 f i l te r p a p e r . Wash 

£*>c r e s i d u e with 3N .\"H Off. Trsuisfm the I l l t e r and r e s i d u e 10 a 

5Q-ml Vyeor c r u c i b l e . 

7 . D r y the s a m p l e a t 110 °C and igni te to 30Q°C for 1 hou r unt i l only 

white a s h r e g a i n s , Le t cool t o r o o m t e m p e r a t u r e . 

6. D i s so lve the r e s i d u e io £ ml cone , HCl and e v a p o r a t e gently to urym*3s, 

9. Add a few d r o p s cQr.c* HCl and w a r m t o d i s so lve the s: i l ts . 

JO. Ada JO ml 2W flNO -2N N'a.W. solut ion and t r a n s f e r li> a 2 5 - m l £ l a s s -

s t o p p e r e d g r a d u a t e . Wash c r u c i b l e with ID roi n i i r t u e so lu t ion and uod 

to g r a d u a t e . Wash with a mi m o r e to c o m p l e t e t r a n s f e r . 

11. Add 5 m l 0.1M T O P O in cyc lohexane and e x t r a c t for i m inu t e s 

12. Remove two 2-niI a l fquots of the e x t r a c t a n d e v a p o r a t e onto c o n c e n t r i c r ing 

p i a n c h e t s . F l a m e p l anchc t s t o r e m o v e a l t o r g a n i c m; in t : r . 

13. Count p l anche t s in low-back ground alpha coun t e r , anti c a l c u l a t e d i s ­

i n t e g r a t i o n s j>er minu te p e r l i t e r of u r i n e . 

CALCULATION 

F r o m count r a t e , a lup io t , and d e t e c t o r eff iciency, ca l cu la t e d is in tegra t ions ; p e r 

minu te ]>ur ilt<rr of u r i n e by; 

(5J(cpm on p laneheO 

R e f e r e n c e s 

1, l o n i . A. L „ '^Urinalys is Method for E n r i c h e d U r a p i u n i . " i j e q i t h p h y s i c s , 

Z, 1960, p . 3BB. 

2 , White, J . C.. The^lJsCQf JYJalkyl Vhospliuit^QvidcS its Extra&ants in the 

F j u o r o i n c j r i c Pejcfmjnaf jon of Uran ium, Oak Ridge tfafional L a b o r a t o r y , 

O K N L ' 2 1 6 1 , November J95G. 



GIIUSS BETA ACTIVITY IN SOIL, URINE, VEGETATION. AND WATER 

Abstract. 

Urine samples a r e concentrated and K activity separa ted by alkaline phosphate prcceiptal 

ion, A portion is taken for low-level beta count. Foreign activit ies in soil and vegetation a r e 

leached from these ma te r i a l s with nitr ic acid and mounted on plonchets for a low-level beta count. 

Water sca le is converted to the ni t ra te form. 

APPARATUS 

Assor ted labora tory g lassware 

REAGENTS 

Cone, ni t r ic acid (70% HNO J 

Cone, phosphoric acid (B5% H PO ) 

Sodium hydrc-dde (40% solution) - Dissolve -10 g NaOH in distil led water 

and dilute to 100 ml with distil led water. 

Sodium hydroxide {b"lo sohiVicTiJ - Dissolve 5 g NaOH in dist i l led water 

and dilute ID 1D0 ml with distil led water . 

UN ni t r ic a d d - Dilute 500 ml cor.c. HNO to 1 l i t e r with distil led water . 

2N ni t r ic acid - Dilute 125 ml cone. UNO to 1 l i t e r with distil led water, 

0.01M (0.02N) ethylene diamine to t raacet ic acid <EDTA) d'sodium sa l t - DiBSolve 

3.72 fl r eagen t -grade Na EDTA in 1 l i t e r of distilled water and dilute to volume 

(1 ml equivalent to 1 mg CaCO ). 

IndicaLor solution - Erlochronn? Black T., commerc ia l ly available through 

Van Waters and Rogers , Inc. , Catalog No, C6140, 

Buffer solution, pll 10 - Com m uric ally available through Van Waters and 
Hoeers , Inc., Catalog No. GGHO. 

ANALYTICAL PHOCEDURE 

Sod 

1. If ihv sample is not dry, heal in an oven at 30 C for severa l hours.. 

P lace 50-100 g in a ro l l e r mil l and mix for 30 minutes. Screen about 

10 g of the sample t h r o u ^ ' No. 10 mesh sc reen . 



2. Weigh out exactly 1 g of the screened soil and place in a ZaD-ml 

Leaker. Add 20 ml of AN UNO , P lace on a hot plate and heal 

ID gentle boiling with occasional swir l ing. 

3. F i l l e r ihe sample through Wat man No, 41 filter paper . Rinse the 

sample with 2N HNOj. Collect Ihe fi l trate in a 50-ml beaker . 

4. Reduce ibe volume to a few ml and t ransfer ihe contents onto a 

Ured -2 - lnch s t a in le s s - s t ee l planchet with repeated washes of 

2N HNO . 

hr Calculation: 

d * _ net cpm 
p fi (dciceior efficiency) I counter correct ion)* 

Urine 

1. To 1000 xnl of urir.e In a 2-Uter beaker , add 50 ml of cone. HNO,.. 
J 

Heat to SQ°C and s t i r for 30 minutes . Add 4 ml of 8ST* 1LPO, and 
3 4 

s t i r for 10 minutes. 
2. Add 40TA NaOH until the Insoluble phosphates precipi ta te (pH 0 to 9), 

S t i r for 30 minutes. Allow lo cool and Settle for 30 minutes, (Check 

:or completeness of precipitat ion by adding a few additional drops 

cf 40% NaOH.) 

3. Without disturbing the precipi ta te , siphon off most of the liquid, 
using a water a sp i r a to r . 

4. F i l te r the precipi tate through Whatman No. 41 paper , washing the 

beaker and filter paper with 5% NaOH. Discard the f i l t rate . 

5. Wash the beaker and f i l ter paper with BN HNO , catching the d i s -

solved precipi ta te in a 150-m-l Er lenmeyer flask. Wash four more 

t imes with 10 to 15-ml portions of acid. 

G. Evaporate the combined washings to dryness under moderate Iteat, 

Add smal l portions of cone. HNO , and inc rease the heat until the 

res idue is a white ash. 

7. Dissolve the res idue in 10 mi of 2N HNO- by healing gently, then 
t ransfer the liquid to a 10-ml volumetric flask. Allow the flask 

to cool, then dilute to volume with distilled water. 

ti. 1'ipettu exactly 1 ml into a tared '2-inch s t a in le s s - s t ee l planchet and 

evaporate the liquid to dryness , using a small hot plate. Beta-count. 

urr-s 3 and 4. 
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y. C-iculation: 

,, UOQOHccunier doml 
dpm/Uter = r r i — . " 7 ^ — i ^ . _ „ r . . " ^ lehem. cfficicncyjlfiample volume, mil 

Vegetation 

1. P lace severa l g r a m s of vegetation In a Waring blender and blend 

until the sample is thoroughly cut and mixed. 

2. P lace about 10 g in a porcelain crucible jnd heat in a muffle 
furnace at 450°C uiuil a white ash remains , 

3 . Cool and measure 1 g into a 250~ml beaker; continue a s in step 2 

under "Soil ." 

4. Calculation: 

. , net cpm . 
cpm/g a s . - (detector efficiencyHcounter correctionHweighl of ash] 

Water jDisspJved Solids) 

1. Determine hardness of the water sample ,'v t i t rat ing a 5D-.r.l aliquot with 

EDTA as follows; 

a. To a 50-ml ai=qjDt in a 250-m] beaker , add 4 drop5 indicator, 

10 drops buffer, and swir l to mi s . T*ie solution should be 

wine-red, 

b. Ti t ra te to a deep blue end-point, without the sl ightest t r ace of 
purple. In a 50-ml aliquot, 1 ml titrant = 20 mg/ l i t e r o r 20 PPM 
hardness as CaCQ-. 

2. Calculate aliquot to be used in gross beia determination. The final 

deposit on the planchet should be 4-7 mg/em~, or 80-140 mg for a 
2-L^ch-diameter planchet. 

U l0 t30} x 1000 ml aliquot for 1 inch-diameter planchet - — - p M * a* 

3. P r e p a r e all planchets beforehand. 

a. Wipe the outer r im with a light film of si l icone stopcock 

grease to prevent c reep of the scale during evaporation, 

b . Weigh to the neares t 0,1 mg. 

' S i n c e the Jep"osTr is in nUnttc form and aU di&*Q)vcd sol ids will appear on Ihe nlanchei, 
the empir ical factor 2 will convert conventional hardness figures to ni t ra te deposit. 



4. F i l t e r all sample aliquo'.s through a membrane hydrosol-iype 
fiUcr of 0,45-mfcran port' EIZC. 

NOTE: All samples should be jhaken thoroughly. * proper aliquot filtered, 

and (he- filter paper saved Cor gross but a counting of total suspended sol ids , 

5, Trans fe r the calculated fi l tered aliquot to a proper beaker , add 

2 ml cone. HNO , and boil. 

a- If Che original aliquot is 200 ml or l e s s , boil down to a 

few ml , t r ans fe r quantitatively lino the planchet, and 

evaporate to dryness . 

b . It tiie or iginal aliquot ia g rea te r tn,_i 2QQ m l , boil down 

to a tenth the original volume and t r ans fe r to a sma l l e r 

beaker- When volume is below 20 ml , t r ans fe r by portions 

to the prepared 2-inch planect. 

C, Evaporate to complete dryness . 

7. Rcweigh the planchets and beta-count, 

8, Calculation: 

d n , j _ UOQPMcouiitcjr dpn_fl. 
(absorption correction)(earnpie volume, mi l 

Water jSuspended Solidfl) 

1, T rans fe r the membrane fi l ler containing thu suspended sol ids 

dirocUy \o a weighed planchet. 

2, Lay f i l ter sol ids Bide down into the planchet previously wetted with 

a few drops of acetone, folding the fi l ter into q u a r t e r s , if necessary , 

to make it fit. Then add about 1 ml acetone to the planchet, thoroughly 

wetting the f i l ter , and let stand until the fi l ter is substantially dissolved. 

3, Burn off the acetone and flame the res idue briefly, 

4, Let cool, weigh, and beta-count. 

5, Calculation: 

. _» , , . , , , (lOOOMcounter dpm) 
dpm suspended sol idsM walcr= T-T • x .— ry - - —H 7~ ---yv 
* ^ (absorption c o r r e c t ton) (sample volume,mil 

Reference 

1, Analysis of Radionuclides in Water, Training Course Manual, U. S. 
Department of Health, Education and Welfare, J'ublic Health Service , 

March 196S. 
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PUjTONlUM IN URINE AND SOIL 

Abstract 

PLuLonvira ifi coprecipUatea with the alkaline ea r th phosphates. The precipi ta te is dissolved 
in nitr ic acid and the plutonliyn is separa ted by ion exchange. The separated plutonium is e lec t ro -
deposited on s ' a in less aiecl and the alpha activity determined by spect rometry , 

APPARATUS 

Dowcx 1 x 2 ion exchange r e B i n - 50-100 mesh in the n i t r a t e form (see Note 1) 

Sea aand, acid-washed (see ^o te 2} 

Ion exchange column*, 2 5 0 - m n i column, 125-ml r e s e r v o i r , Kontes IK--J225 

Elect rod epos it ion apparatus {SGC Note 3) 

Magnetic s t i r r e r - h o t plate 

Beakers , 3 l i t e r , pyrex 

REAGENTS 

Nitr ic acid, HNO , concentrated U5.4N) 

Ni t r ic acid (7.2N HNOg) - Add equal volume cone. HNO to dist i l led water 

Phosphoric acid, tH PO.V, concentrated, 65% 

Hvdr ' 1c acid (HCl), c concentrated, U.6N* 

Hydrochloric acid (BN'> - Add 667 mi cone. HCi to 333 ml distil led H..O, ,£ 

Hydrochloric _a_cid (2N) - Add l™ ml cone. HCl to fl2g ml distil led H O * 

Acidjvash solution 'BN HCl *- 0.3N HNO, * Add 690 ml cone. HCl * 30 ml 

cone. HNO_ to 290 ml distOlcd H..O. j Z 

EluUnE Acid (0.3GN HCl +0.O1N UF) - Add 31 ml cone. H C * 0.2 —1 cone. 

HF to 96B ml distil led H 2 0 . 

Potassium hydroxide (SN) - Dissolve 14& gm KOH in 1OD0 ml distil led U^Q. 

Potassiutu "ydroKide (?N> - Dissolve 113 gm KOH in 1000 ml distil led H_0. 

Sodium ONVchloride (5Tc NaOCl) 

Indicator solution V)mDl% phcnolphlhalcin in 50**. ethanol in ua t i ' r ) 

Ammomum hygro*jdc. concentrated <2Q?M ,\"H ) 

r iu ionium spike solution. " pu in Q.O02 X UNO , -*6_.S d;>m/ml 



ANALYTICAL PROCEDURE FOR URINE 

lr Combing en t i re 24-hocir urine specimen (record volume) in 3 - l i t e r beaker , 

measure specific gravity •* 100 y spifce of Pu» 

2. Add $0 ml t m X * 5 ml H , P O , per l i t e r of ur ine . 

3. Heat with s t i r r i n g to B0*C. 

4. P rec ip i ta te phosphates with concentrated ammonium hydroxide; be s u r e 
of complete precipi tat ion. 

5. Continue s t i r r ing for an additional 30 minutes at *?0°C. 

6. Cool and let sit overnight covered* 

7t Siphon to a very sma l l volume. 

fl. Dissolve prec ip i ta te in 50 ml 7.2N l ^ 0 y h e a " t 0 a o ° c » c o < j l a o d P r C , c c e d 
with ion exchange p rocedure . 

ANALYTICAL PROCEDURE FOR SOIL BY ACID LEACHING 

1. Add 1O0 g of aoila.-.u a spifrc a f PU-23G t r a c e r <5 to 10 DPJtf) it> a 1-liter beaker . 

2. Add cautiously 300 ml of cone. HNO , The soi l will foam. When react ion s tops , 

add 100 ml c o n e IJC1 and heat on a magnt'-k: s t i r r e r - h o t plate al BQ^C for 1 hour, 

Coal and allow mixture t o se t t le , 

3. F i l t e r through a g lass f iber / t i t e r to a 1 ' l i t e r beaker . Wash re s idue in fi l ter 

with 1:1 HNO Q . SAVE FILTRATE. 

4. Reiurn res idue and l i l t e r to the original ] - l i t e r beaker , add 300 m) cone, 

H?K>3 and 100 ml c o n e HC1, and heat a t eo D C for 1 hour. Cool and allow 

mixture to set t le . 

5. F i l l e r and wash an in s tep 3, Combine f i l t ra te and discard the res idue and 

fil ter. 

6. Concentrate solution to about 200 ml by heating. Add cone, HNO^ from time 

to l ime to destroy all organic mat te r , 

7. II s i l iceous m a t t e r Is present , dilute with 200 ml water and f i t ter through 

Whatman No. 4Q fil ter p i p e r . Wash the res idue * i th 1:1 H N G r KEEP 

THE FILTRATE. 

B, Trans fe r the filter paper an*j res idue to a platinum crucib le and ignite in 
a muffle furnace at 500°C for 15 to 30 minutes , 

9. Cool and add 2 ml oT HF and 2 ml of HNO Place on a sand balh and 

evaporate to d ryness . Repeat the addition of HF and HNO until the 

solution is c l ea r . 

%2 



10, Add 4 ml of HNO and e v a p o r a t e t o d ryness* Repea t t h r e e l i m e s . 

I K Disso lve t h e s a l t s in HNO and A l t e r . Add the f i l t ra te t o the solut ion 

from e iep 7, D i s c a r d the f i l t e r . 

12, Heat the combined f i l t r a t e and c o n c e n t r a t e t o 150 rrX Add 10 r j i C of sol id 

sod ium n i t r i t e and heat unt i l the n i t r i t e d e c o m p o s e s . Cool and p r o c e e d 

with ion exchange p r o c e d u r e , 

ION EXCHANGE P R O C E D U R E 

1, T r a n s f e r t h e m a t e r i a l f r o m s t e p 8 for u r i n e o r s t e p '2 ' doi l t o a 

p r e p a r e d Dowex co lumn l eee Note 1-A), 

2, Wash b e a k e r with two 5 0 - m l por t iona of 7.2N HNO - ad to co lumn. 

D i s c a r d effluent, 

3, In the hood, wash co lumn with 100 ml H C 1 - H N O , wan • solut ion. 

D i s c a r d effluent. 

4, E lua te plutoniujn with 100 m l H C 1 - H F , Col lec t IT >0-ml b e a k e r . 

5, Add 10 m i c o n e HNO to e lua t e , 

G. E v a p o r a t e j u s t t o d r y n e s s . 

7, D i s s o l v e r e s i d u e in cone. H O , e v a p o r a t e t o d r y n e s s . Repea t . 

B. Disso lve in J m l 8N HC1 with hea t . 

9, Cool - 2 d i o p s P P + BN KOH d r o p w i s e to r :. 

10, Add 5 m l 2?? KOH * 2 ml h% NaOCl . T V s f c r t o e l e c t r o l y s i s ce l l . 

I n s e r t p la t inum anode . 

11, E l e c t r o p l a t e a t 4.5 vo l t s (100 m a ) for * l o u r s . 

12, Remove -:cll (do not d i^c^nnnr t voHu » Warm difir in d i s t i l l ed wa te r , 

f l ame , and a lpha -coun t , 

CALCULATIONS 

•>1fr 

pCi pu/Z4 hour s a m p l e = ( . , c ^ m 23eMvolume)[2.22> 

b i 



NOTE I: Prepara t ion of ion exchange res in 

a, Wash r e s in thoroughly with distilled* demincral ized water . 
Decani liquid. 

h. Add equal volume 2.0N HNCL to res in ; s t i r on magnetic s t i r r e r 

for 30 minutes . Decant acid, 

c. V/ash res in w fch distUlrd, da miner al l ied water until essential ly 

neutral to pH paper . 

d, Siore in a t ; l s l u r ry with d r i l l e d water in a p las t ic squeeze botv*e. 

NOTE 1-At Prepara t ion of Dowcx column 

a. T rans fe r 25a mm of 111 res in s l u r r y to column; be su re stopcock 
is closed. Lol set t le 5 minutes . 

b . Drain water to resin level {should be 135 mm) . Top with 1 cm 
sea sand. 

c. Immediately before use , pass 123 ml T.2N HNO through res in . 

d. Do not let column go dry, 

NOTE 2: Prepai - i r 'on cf sea sand 

a. Clean while sea sand by digestion -it lDn s C in 20£ sodium hydroxide 

and 1:3 HCl . 

b. Wash acid from sand with distil led \ w i c r . Dry and s to re covered. 

NOTE 3; P repara t ion of e lec t ro lys is cell 

a. Wash g lass cel ls in hot cone, H N 0 3 , followed by water and distil led 
water . Drain dry. 

b . Assemble coll as follows: 

U ) Imo cap place i s t a in less s tee l disc with t n i n o r finish up. 

{2) P lace " O " ring on disc . 

(31 Thread coll onto " O " ring and tighten. 

U ) F i l l c t l l w r t dist i l led u-atcr to check for l eaks . 

(5) If no lvaks a r c found, pour oul water and add sample . 

Reference 

I. Silker, ^V. B , "A Rapid Mrth&d for IJcicrmin-tion of Plutonium v\ L'n 
HtJdU* Physics 11. 36J U9&S1. 
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FOLONIUM-Z1Q IN URINE AND WATER 

Abstract 

Polgnium-2 10 ie selectively deposited from acidified urine or water ante i nickel disc, 

Th^ activity is determined by alpha proport ional counting. 

AP i^RATUS 

Mechanical s t i r r e r with g lass s t i r r i n g hooks 

Nickel disc, r u l e Ni, 0,020- x 0.875-inch Hiameter, with Q,125-inch hole, 

0,063 inch from edge-

REAGENTS 

Cone, ni t r ic acid <70ft fi> j ) 

Cone, hydrochloric ai^d (3&% HCl) 

EN hydrochloric acid - Dilute 500 ml cone. HC1 to 1 l i ter with distil led water . 

T r i c hi or pel hy 1 e n u 

ANALYTICAL PROCEDURE 

1. To 100 ml urine or water in 250-ml b ^ a k t r , add 20 ml GN HCl, Heat to 

50°C in cocs tan t - l cmpera tu re bath. 

2. Clean Ni disc by rinsing consecutively with tr ichloroethylei -:onc, HNO., 

dist i l led water , cone. HCl , and disti l leo water , 

3. Lei disc l i r - d r y , and TJ—^ j u r e sur faces a r e b r i g h t 

4* Attach the Ni disc to a glass s t i r r i n g hook and suspend In the sample 

for 1 hour while s t i r r i ng . 

5. Remove the disc and s t i r r e r , and rin* uitl< dist i l isd water . Let disc 

a i r - d r y , 

6, Count The activity on both sides of the disc, using a lrv*--' ackground counter. 

CALCULATION 

UOOOHeJU-i^ siov 1 _̂_ count, side 2> 
c>^., l i t e r < < f T i J u ru i r -liquo;Hdt-u-clor erticicr.cO 



Referent:* 

1. M i l l i o n , M. F, , «t aL* Analytical P rocedures af the Industr ial lly^ienc Group, 
LOH /-danios, LA-1658 (2nd cd.), 1958. 



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

Abstract 

Sodium-24 activity te determined direct ly by (jamma-ray spect rometry- The 2.76-mev 

£ a m m a - r a y emiss ion is counted with a 3 - x 3-inch thall ium-activated sodium iodide c rys ta l detector 

and 4ul/6 channel analyser sy fit em. Interfering act ivi t ies may be separa ted by zinc urany lac elate 

precipitation if n**ccEflary« 

APPARATUS 

Coimttng vtale\, 2Q-ml capacity, glass or plastic, with screw caps 

F i l t e r paper, 47-mm-diamOter , Whatman No, 41 

REAGENTS 

Sequester-Sol^ CAM CO clinical reagent No. 205 

ANALYTICAL PROCEDURE 

Air Samples 

1. Collect a i r sample with -IT-mm Whatman No. 41 filter, P lace filter 

in smal l p las t ic envelope ui:d seal tc prevent contamination of ins t ruments , 

2. Count fi l ter direct ly with 3 - x 3-inch c rys ta l detector. 

3. Determine the Na activity by comparison with a known s tandard. 

Blood Samples 

1. Pipette 5 ml whole blood into counting vial containing 2 drops 

Sequcsice-SoL Cap tightly and mix, 

2, Count the sample in a 5 /8- x 3-inch wel l -c rys ta l , and determine lh<* 

activity by comparison with a s tandard prepared In a solution of 

equal volume. 

Urine Samples and Water Samples 

Trea t as blood samples , but omit addition of Sequester*Sol, 

8' 



CALCULATION 

The neutron dose In rade 1B determined from the equation 

D =U.G3 x 10*HA), 

where 

D - mean wholo body neutron dose In rnds , 

and 

24 
A = 2Va activity in niicrocurlcs per ml ivhoJff blood* 

Reference 

I Cofield, ft. £,, ftfgutro^ Exposure Ppgirogjry of Ramans by In Vivo Comma 

Measure of N a ^ . Oalt Ridge National Laboratory, ORNL-Y-12S3, 

September 1359. 



STROSTIUM-&0 IN SQlL, VEGETATION, AND WATER 

Abstract 

J he only important alkaline ear th fission products a r c barium and stront ium, !rmial 
separat ion from other fission products I* ftiade by nttrzte salt precipitation from cold, lulling 
m i n e iLtid, C&lcium is removed by washing *iih anhydrous acetone. Strontium is separated from 
bar ium by precipitat ion of barium ehrQmat c_ Strontium is precipi tated as the oxalate fcr counting, 

APPARATUS 

Assor ted laboratory filaaswarc and equipment 

REAGENTS 

Fuming ni t r ic acid (POT* HNt>3> 

Cone, ni t r ic acid (70% HNOg) 

2N ni t r ic acid - Dilute 125 ml cone. H N 0 3 to 1 l i t e r with distilled water, 

0.5N ni t r ic acid - Dilute 31 ml cane. UNO. to 1 l i t e r with distil led water. 
• 3 

Glacial acetic acid CPfl.Bfr H C ^ Q J 

QM acetic acid - Dilute 345 mi glacial ace t ic acid to I ftter *Hh distilled wo*sr, 

Cone, ammonium hydroxide, NH 4 QH (30** NH_) 

IN afr-monium hydroxide - Dilute 67 ml crane- RH.Qti «J t l K - r with distilled water. —. .—J .— 4 

GM arnmoniam acetate - Dissolve 4G2 g NH.C.H O In 1 l i ter distilled water, — - 4 * o 3 

ifydrotfcn peroxide? (30% H

2 * - V 

Ammonium oxalate (UN ) C^O 

Ammonium oxalate, saturated solution - Add {HNJ C-O, to ] l i t e r of ojtlilJed wolcr 
until no more dissolves . Add 30 g excess , and e tore In polyethylene b u t t l e 

1.5M potassium chromate - Dissolve 30G g K 2 CrO in 1 l i t e r diutUled water. 

lj)N_5odium hyj r oxide - Dissolve 400 g NaOH in 1 Uter distilled watr r . 

2M sol ium ca rbona t e - Dissolve 212 g Nu.CO- Ln 1 l i ter dintillcd water. 

Bar ium c a r r i e r - Dissolve li».0 g Ba(NO ) In 100 ml dist i l led water and dilute 
- J 2 

to 1 l i ter with 0,5 W UNO < 1 ml = 10 mg Da), 
J 

Iron_c_arrlcr - Dissolve 48.4 g F c C l - * GH^O in 100 ml distil led water and dilute 

to 1 l i ter with < TiN HNQ 3 < 1 ml = 10 mg Fe). 



Strontium f a r r i e r - Dissolve 32.4 g S r ( N 0 3 > 2 - 4H.O in 100 ml distil led water 

and dilute to 1 l i t e r with <K5N HNO (1 ml = ID mg Sr i . 

Acetone, anhydrous 

Methyl red indicator solution 

SAMPLE PREPARATION 

SoU 

1. Dry soil sample thoroughly at 110°C, M u 30 minutes in ro l l e r mill, 

and scroe*i to 10-mcsh s i z e . 

2. Weigh 10 g dry, lQ-mesh soi l into 150-rnl beaker- Add 2 ml Sr c a r r i e r , 

2 ml Ba ca r ree r , and 20 ml cone. HN0 3 * Swirl to mix, and let stand 

overnight, 

3 . Heat to 8 5 e C and a t i r fur 20 mlmitua. L e t cample cooL 

•L F i l t e r thro-jgh Whatman No. 42 fi l ter paper and wash with 2N HNO . 

Collect f i l t ra te in 150-ml beaker and cvauoratc to d ryness . 

Vegetation 

1. Dry vegetation thoroughly at 110°C, Pulver ize in blender until 

thoroughly cut and mixed, 

2. Ignite fit sui table Vyoor crucible at 4 5 0 ° c until only gray ash remains, 

3. Weigh 2 g ash 'nto 150-ml beaker . Add 2 m l Ba c a r r i e r , 2 ml Sr 

c a r r i e r , and 20 ml cone, HNO^. Swirl t 0 mix, and let stand overnight. 

4. Heat sample and evaporate to d ryness . Add 20 ml cone. HNO and 

5 ml 30% H^O . When learning s tops, evaporute to d ryness , 

5. Add 20 ml 2N HNO to dissolve res idue and fi l ter through Whatman N 

ri l ter paper . Wash with 2N llXOy 

G. Collect f i l trate in ISO-mi beaker and evaporate to d ryness . 

Water 

1, To I l i t e r water in 2- l i te r beaker , add 2 ml Ba c a r r i e r and 2 ml Sr 

c a r r i e r . Heat to 85 f l C and s t i r 20 minutes, 

a. While s t i r r ing , add 10 ml cone, HN^OH and 2 g ( H N 4 > 2 C 2 0 4 and s t i r 

for 20 minutes . Lei sample stand overnight to cool and se t t le , 

3, Decani the c l ea r supema te , and pour the res idue into centriiug:? tubes. 

Centrifuge, *nd discord the Bupcmale . 

o . 



4. Wash with 20 ml IN Nil OH and discard ^JIHII. 

!,. Add 20 ml cone. HNCX and heal to dissolve the p ^ c i p i t a t t , 

Trans fe r io 150-mi beaker and evaporate to dryness . 

ANALYTICAL PROCEDURE 

1. Add 10 ml 2N HNCL to dissolve sample , and t ransfer to cenirLfugc 

lube- Add ION NaOH until alkaline, and add 2M iM a CO utitil 
2 J 

precipitat ion is complete . 'ntrifu,;e, and discard superna t t . 

2. Wafih the precipi ta te with 50 ml ho: c ts t i l led water, c c ^ r i f u g t , 

and discard the wash. K_ .-n wash. 

3. Dissolve the prec ip i ta te in S ml cone, HNO . Chill in an ic<i bath, 

and add 25 ml cold, fuming HNO . Let stand cold for IS m i n u t e s 

centrifuge, and carefully d iscard the supernatc . 

4. Wash the precipi ta te with 20 ml cold, anhydrous acetone. Centrifuge, 

and discard wash. Repeat the wash twice. 

5. Dissolve the prec ip i ta te ir. 2 ta 5 ctil distilled afrtttcr. Repeat tl*v 
precipitat ion and wash as in steps 3 and T above. 

G. Dissolve the precipi ta te in 10 ml distil led walcr and add 1 n:l Fe 

c a r r i e r . Add cone. NU.OH by drops until the Fe has precipftaicd. 

CentrJ/ugo, and" poar s u p e m a t e into clean -Tentrlfuge ttthe, 

7. Add 2 drops methyl red Indicator and acidify with 2N UNO.j until 

indicator r ema ins red <pH = 5), Add 1 ml CM H C ^ O g and 2 ml 

CM ( N H 4 ) C 2 H 3 0 < 1 . 

B. Dilute t e 20 ml and heat on water bath. Add 2 "-il L5M K^CrO , and 

continue heating for ID minutes. 

0. Centrifuge and decani supcrnalo into clean tube. Add 2ml Da t e r r i e r , 

1 ml L5M KpCrO, , and digest on hot-water bath 10 minutes . Centrifuge, 

and pour s u p e m a t c into clean tube. 

]0. Add S ml cone. Nil Oil, 5 ml sa lumiud (NI I^C.^ 0 4 , and digest nn hot 
n a i t r bam 10 ntlm I t s . Cenirifufio, and d i s t a n t <;upcrnaiL-. 

11, S lurry precipi ta te wiih 5 m l disUUed walcr and filter onto tAci^o;: 

Whitman " J . 42 fil ter. Wash filter with ll . ,0 and. tlh;i::o!. 

12. Dry filiy- .it l iC^C for 20 m m u u s . Lei cool, and AMJ,I. -IIJ<1 tuwwt 

for cou:itmj;. Lei SLind 15 day*, -u-'ure Cvuiniit^. 



n 

DI ,M ' •"> S r / l l t ( ! r , — U<L°te> 
Ichcm, rocovcry)(dcicctor efficiency)lml sample} 

DJ' ** (chem. recovery M detector OfficiOncyKg sample) 

Reference 

I. SjfidermJn, D. S.t and TownJey, C. IV,, I^c jfod^cgljqmistrv of Barium. Calcium, 

and Styontiupjt National Ac-demy of Science, NAS-^S-3010, January 1960, 



TRITIUM IN UJUNE, WATER, AND ON SWIPES 

Abstract 

Liquid scintillation counting is the method of detecting radioactivity by moans of i solution 

o.c fiuors and a photomulliplicr lube. The SciritUlation solution converts the radioactivity to light 

and the phototube responds by producing a charged pulse which can be counted. 

The widest application of liquid scintillation counluvg in ihc Environmental Health Lab­

ora tory is the determination of tr i t ium in biological fluLds, swipes, and water. Untreated urine 

and water a r c added directly to a scintillation mix ture , cooled to 6°C, and the count r a t e s measu red 

with a scintillation spec t rometer . Swipes a r e placed directly in counting vials , wetted with water , 

and the scint i l la tor fluid added before cooling and counting. 

APPARATUS 

Liquid scintillation spec t romete r , three-channel 

CG-JTAJXg vjgls - 25 ml glsas with ptesiic scrcvr cap 

Assor ted laboratory ElaSsware 

REAGENTS 

p-dioxanfc, spec t ra l grade or commercia l ly available. 

2,5-jjjphenyIOKAZole IPPQ>, p r imary scintai l la tor 

1 t_4ibl_B_ -1 - K 5 - p he ny 1 ox a zpl y\) - b e n zenej PQPQ V}, secondary scint i l lator 

NojithaLcnCj rccrys ta l l tecd from alcohol, o r commercia l ly available. 

Scintillation mixture - Dissolve -3 g PPO, 0.O5 g POPOP, and 100 g 

naphthalene in 1 l i t e r p-dio*ane. S u r e in ambe r g lass bottle, away from 

direct light. 

ANALY77CML rROCEDVRE 

Adjust spec t romete r for channels - ra t io counting mode (Nuclear-Chicago operating 

manual, pp. 4-24 through -J-32J. Sec Figure 5. Check operation by counting 

re fe rence and s tandard unquencLitd t r i t ium. Check sett ings as posted on unit* 

\7 



Pulse T' 

Crine 

F igure 5. Channels Ratio Analyzer Relfltionsnip 

X. 

2. 

3. 

Into counting via l , pipette 1 ml ur ine ; add 15 ml scint i l la tor flui 
Cap and mix thorooghly. 

Wipe outside of vial to remove f ingerprints . 

P lace in f reeze r and cool to 6°C before counting. 

Wg_ter_ 

Into counting vial , pipette I ml water , add 15 ml scint i l lator fluid, and 

t r ea t as ur ine . 

Swipes 

1. Into counting vial, pla^e opened swipe (47 ttimK 

1. Wet swipe wUh 1 ml distil led »?aicr. 

3. Add \"h ml scintaiUBrtor fluid. 

4. Treat Jfl urine. 

CALCULATIONS 

Sample cpm 

Subtract blank cpm = __ 

Cor rec ted com -

cpm 
> el f* 

dpm 

Ste Figure 6 



j p m = tic ir l t l t ixn/ml 
2.22 * 10 dpm 3 3 

lie t r i t ium x 10 * tic K/ l i t e r 

0.50 

Ratio 

1,00 
Channel B 
Channel A 

1,50 2.00 

Figure 6, Pe rcen t Efficiency Correct ion Curv* 
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l O T A L URANIUM ON FALLOUT TRAYS AND IN SOIL, 1'RJNE, AND WATER 

Abst rac t 

Fii^ed mixtures of uranium in sodium fluoride (2% lithium fluoride! exhibit s t rong 

fluorescer oe (at 5G0 nmJ in ultraviolet radiation. The intensity of fluorescence is proportional to 

uranium concentrations from le s s than 0.001 PPM to m o r e than 10 PPM, The method is near ly 

specifk for uranium, and sensi t ivi t ies in the range of 0,0004 mic rogram (±1G%1 p e r fu&ion button 

can be obtained. Large amounts of quenching in ter ferences a r e removed, and uranium purif i tJ , 

by solvent extraction. 

APPARATUS 

Fluor op h ot c m et c r with ref lectance at tachment (seo Figure 7) 

Forceps with Pi lips 

Fusion _djfihc6, Pt (see drawing. Anal. Chem,, gfl, 1950, p . 1051 and F igure 8) 

Heat lamp, infrared 

Fusion rack (sue F igure 8) 

Pidymiym glasses 

Blast burner,, for propane and compressed a i r 

Pel le t make r (see F igu re B) 

Glass-s toppcfed c:raduates t 25 -mi , taJl form 

REAGENTS 

C o r a . ^ U r i c acid (70^ HNO 1 

gone, hydrochloric acid (3tift HC1J 

Cone. sulijaricAciti W k H SO J 

2N n i t r ic acid - Dilute 125 ml cone. HNO- to 1 l i t e r with dist i l led v/ater 

Uranium s tandard - Dissolve 2,110 fi U O ^ N O J * • GHgO in l i t e r of 

2N H N 0 3 ( 1 ml ? 1 mfiUL 

Fusion n u r t u r e (NnF~2ft L iF) - To 1 pnuxir1 of NaF, add 9 g L iF , and mix 

in a ro t t e r mil l for 6 hours , 

0.1M tri~n-octYli>hosuhinc ottide (TOPQ) - Dissolve 19.2 g iXJPO in 500 ml 

cyclohosane. Store in ambe r glasri boulv. 

2N UNO - 2N NaNO solution - Dissolve 170 g NaNO in 2W ml distilled wau-r. 

•idd 125 -Til emu-, HNO_i ^r.d dilulc to 1 h i c r «ith distilled vn ic r . 



F i g u r e 7, Fluorophotornf i ter 

F i g u r e B. Fus ion Hack, D i s h e s , and Tcl le t M a k e r 

i»s 



5AMI>L1-J 1'KKI'ARATJON 

I'allouL TravS 

1. Remove cellophane collector sheet from fallout plate. Wad sliest up so 

that sticky side is inside. Place wad in 400-ml beaker, 

2. 1 grille; the cellophane with a match and let burn XO a small ash in bcal •". 

:f, W'vi. the ash with cone. UNO and evaporate io dryness. Dissolve (he 

residue to minimum of 2N UNO , ^arming, tf necessary, to cwnplc'-t" 

dissolution. 

J. Transfer ^dijiple to 50-ml volumetric flask w;th 2N HNO_, and dilute to 

volume with 2N HNO 

Soil Samples 

1. Dry the sample at 110 C and screen to ID-mesh size. Itfix ihu sample 

iu a roller mill for 30 minutes. 

2, Weigh ID £ ±?oii into a ISO- n.J beaker and 3dd 3D ml cone. HNO Heat 

LP near boiling and s;ir -or 30 min-.iteE. 

J. LOT cool and filter through Whatman No. 50 filter paper into ^ *0-KI1 

volumetric flask- Wash with 2N HNO,, and dilute to 50 ml with 

2N HKO_. 
J 

4, lH|iî Ufl L-uil aliquot into 25-RU glass-fetappcrpd graduate. Add .10 nil 

2S fJNO -2K NaNO section and 5 ml 0.1M Tui'Q* 

• j . Extract lor L* minules. Lot phases separate and take aliquot of TOPO 

extract for acalysih, 

J'wai 100-ml Mrir.v aU^ucis wv.h 1 -,ul cone. UC1 U:*Wr samples v. as U*'. 

tone en I rated i,, evaporation Willi 2 \ HNO t<_ a smaller volume and Jliir.ioled 

ANALATICAI. I'ltOClilM 1U: 

I, Pirelli* il. 1 ml prepared sample into fusion dish, Sarrplfs, stamkirds, 

a:ui blank ^hi>ulci Le analyzed n> triplicate. 

-I, r.vjimi1^^ iW alix^uois tft ^ l f s ^ » witivr hral &ttmp» Tt* TOl^i t^v^c ' .^ 

jr-i 1 <;*i.fc1i eviw, M^̂ vl # iUi<! air̂  MTI J:O# pi Jit-* H i u 1 fii>u*a: d,s!H-> ^* 



1, l^mtu blast burner and adjust flamu no thai a t r^ce ol ^rocn appears in 
the flames Virc the dishes to a red hpal for 10 secoruLs to Ut;strot *ill 

organic matter* 

4. Fill a l!50-rnl beaker about half full of fusion mixture . Pack the pellet 

maker fii inly with the mixture by tumping in the beaker. Wipe the excess 

from b a r r e l v. ith Kim wipes and r e l e a s e the pellet into the dish. Use a 

Q.3- to 0,4-g pel let in each dish. 

5. Heat each dish until al l the flux mel t s . Use didymium glasses to watch 

the melt through the bright f lame. Move burner slowly away from center 

of dish until molten flux c reeps evenJv up the s ides of the dish. 

6. Fuse each sample for exactly I n inu t e . Let cool 15 minutes be/ore 

measur ing f luorescence. Make readings within 1 hour of fusion t ime . 

1. Let photometer warm up for 15 minutes , Place fussed s tandard (0.1 fig U) 
into the slitie rcces? anij move into reading position, 

0. Set sensit ivi ty to 5, while depress ing 0,1 scale key, and adjust until 

inicroamiiiyttT deflects to about midscale . Use the sca le that is: 
equal to amount of U In standard: 0.01 sca le key for 0.01 pg U. 

0, Adjust mutur to ful l-scale deflection with the fine voltage control , 

dep res s z e r a key and adjust meter to zero with ze ro knob. Slide 

empty r e c e s s Into reading position. Depress 0,1 Scale key and 

adjust background control to z e ro the me te r . Hcpeat these adjust­

ments until a suitable balance is obtained. 

10. P l ace fused s a m p l e s in s l ide recess;. Push s l ide In and opera te 

sca le keys to obtain m e t e r reading, 

11. Plot HE U Versus net f luorescence Imic roammcte r reading) for a 

s tandard curve . 

CLEANING |> t FUSION DISHES 

Any flu* remaining in the P t dishes can be removed with hot cone, 11 SO . 

Hinse dishes repeatedly in hot 2N UNO . An ul t rasonic c leaner is useful 

for these Hiishings, Hinse the dishes with distil led water and s tore in a 

covered heakcr <jf distil led water o r 2N UNO . 
s 

Always handle ihu dishes with IH-lij>po0 forceps. The ill^hrR may requ i re 

l O i i 
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SECTION C 

INSTKUMENTAL ANALYSIS 

Highly sophisticated instrumentation has become available over the years for the quali ta­

tive and quantitative analysis of both inorganic and organic cum pound!; and has provided the analyst 

will. faster and mare accurate resu l t s than ever before. 

Some of thQ instrumental techniques that a r e used in this section a r e atomic absorption 

spectrophotometry; emiss ion spectroscopy; f luorescence, infared and ultraviolet spectrophotome­

t ry ; gas or vapor phase chromatography; and a variety of e lectrochemical methods. 

KH-MU 



GENERAL PROCEDURES FOR ATOMIC ABSORPTION SPECTROSCOPY 

Abstract 

The atomic absorption spectrophotometer is the instrument of choice for quanlilating 

PPM to PPB amounts of metals in air samples, biological samples, commercial products, swipes, 

and water, 'ts advantages are (1) case of simple preparation—normally, all that is required is 

sample dissolution; (21 sensitivity--most metallic elements are easily quantitatcd in the PP~M to 

PPB range; (3) selectivity— with v&ry rare exceptions, the sensitive lines of one clement do not 

overlap the sensitive lines of another; and (3) minimum matrix interfercncea — if present, pro­

cedures for elimination of these interferences are listed in Table I, 

This atomic absorption section contain divisions which describe the equipment, sample 

preparation, reagents, data collection, and calculations. Installation, operation and standardiza­

tion closely follow the manufacturer's instructing, Safet> precautions, regarding use oi c m^ 

pressed gases, wearing safety glasses when the nurner is in operation etc , are given in the 

A A Methods Manual, 

APPLICATIONS AND LIMITATIONS 

1, The analytical working range for each ,TIUUI1 is given In Tabic I. Higher 

concentrations can be determined by dilution of the sample, 

2, The sensitivity and interference!* for oich meiaJ is jjiven in Table i, 

3, The coefficient of variation for the anal/sis i- approximately 2% 

depending upon the instrument and the abs^riiance of the sample. 

• J , As, in, So, To, Tl, and llg arc very volatile • lemenls and must not 

be heated any more than necessary in san pie preparation. 

APPARATUS 

Atomic absorption spectrophotometer - Perkin-lili HT Model :\0'A or :JGii 

including the necessary burner heads for air~acet\ji/ne and nitrous o\ide-

acetylene flames and the appropriate hollow cathod- lamps. 

Control bos-burner regulator - supplied with (1) air winch lias been filtered 

to remove oil, water, and other impurities; (-} iici1' • l<'iie-cornmerCLall> 

available; and 1:0 nitrous oxide- -cnmiiierit-a]l\ availanl-. Note: Hi-auri|* 

tapu is wound around ihc second sia^c of the regul it sir o prevent fri-e/e-up, 

•See 'Inference 1, hrrtMH referred to J* the \A Mi'th^ds M^IMKII. 



TAHLE T 

Clvrnunl 

lie 0,0 J 

Ca 0.07 

Cd 0,01 

Co 0,15 

Cr 0.2 

Cu 0.1 

Fe 0,1 

K 0.1 

Mn 

Mo 

Na 

Ni 

Pb 
Sn 

Zn 

0,007 

0,JS 

1,0 

0.02 

0.2 

0,5 

5.0 

0,02S 

Range? of Method 

0.03 - 11 

0.Q7 - 10 

0,Q4 - 5 

0,15 - a 
o.a - 10 

0,1 - 10 

<u - 10 

0.3 - 10 

0.007 - 0,7 

0,05 - 4 
1.0 - 00 

0.02 - 5 

0.2 - 20 

0.5 - 30 

5.0 - 300 
0.025 - 2 

A t o m i c A b s o r p t i o n P a r a m e t e r s 

Type of Flame _ 

Reducing IIH, O C ^ 

(rich) 
Reducing A; i" - C Jt 
Oxidizing Air - C^H 

(leai.) 

Oxidizing Air - C^II 

Reducing A:r - C 2 H 

Oxidizing ALr - C H 

Oxidiairec Air - CnAj 

Oxidizing ALr - C ^ 

Oxidizing *=r - C H 

Oxidizing Air - C,H 

Reducing N., O C ^ 

Oxidizing Air - C U 

Oxidizing Air - C U 
Oxidizing Air - C H 
Reducing Air - Cgli , 
Oxidizing ^ i r - C U 

Analytical D 
Wavelonirths U ) Interferences 

2343 

4227 

228U 

2407 

3570 

3247 

Z4G3 

70G5 

2C52 

> 500 ligiml at high cone. 

Si + Mg 

Si, Al, P 0 4 

None 

None 

Fc + Ni 

None 
- + • 

K is partially ionized 
in the Air - C 2 H a flame 

Si, Al, Cu at high 
concentrations 

Remedy 

U) 

12) 

(3) 

14) 

15) 

(6) 

2705 None 

3m Ca L and other ions (71 

5890 Ka is part ial ly ionized 
in the Air - C 2 H 2 flame (8) 

2320 None 

2170, 2S33 None 

2246, 23S4 None 

2139 None 

1, If these interferences a r c known to be present , add 500 xic/mfAl, St, o r Mg to all standards 

2, Add i T* l*u to hath s tandards and samples , 
3, Add 200 v&ttnt Fo to both standards and sample solutions. Add Ni in amount equal to the amount o | Cr in each standard. 

4, Add 20Q ^ p / m i Ni to both standards and samples , 

5, Add fra at a ratio of 2 parts Na lo each par t K in both standards and samples . 

G, Due to the high sensitivity of Mg and the effect of sample dilution, no interferences exist , 

7, Add 1000 t ig /mi Al to both s tandards and samples . 

Z. Add K at a ra t io of 2 pa r t s K to each part Na in Standards and samples . 



TABLE I (cont) 

Element 

Al 

Li 

Pd 

Si 

AS 

To 
Tl 
Da 

As 

Sensitivity 

1.2 

0,04 

0,4 

5,0 

0,1 

0.5 
0,5 
0,1 
0,5 

Range of Method 
tup/mi) _ 

1,2 50 

0,04 - 2 

0-4 - 15 

5.0 - 150 

0,1 - 10 

0,5 - 25 
0,5 - 20 
0,1 - 50 

0,5 - 50 

_Type of Flame 
Analytical fl 

Wavelengths (A) 

Reducing N 2 O C II 
(rich) 

CWdizing Air - C^H^ 
(lean) 

Oxidizing Air - C.H-
2 A 

(very lean) 
Reducing N^O Q^ 

Oxidizing Air - C Al 
2 £ 

Oxidizing Air - CgH 
Oxidizing Air - C_ff0 

Reducing N s O C H 
Oxidizing Air - C H4 

2 "• 

3003 

0700 

2470 

2516 

32a i 

- Interferences 

Fe , HC1 H 2 S 0 4 

V, TI, H C 2 H 3 0 3 

Al 1B partially ionized 
None 

Al, Co, m, PC, Rht Ru 

Fe only when using 
a niulti-element 
lamp containing Fe 

lodato, permanganate, 
and i ungate (e 
H SO and H FO 
H C 2 H 3 ° 2 

2143 None 
Z76B Nofie 

5536 Alkali salts 

1937 <EDL) 

9, Add alkali metal sails (1000--2000 ;Ag/m£) to sample and standard solutions. 
10, Add 0,57, La or 0,01M EDTA, 
11, Use a secondary silicon resonance line of 2507, 2528, or Z524. 
12, Remove interfering substances or add these to standard solutions, 
13, Add 100D pg/m£ KC1 to samples and standard solutions. 



Ht^coriJi^, 'Servo-RiU' i - / 1 O-10 mv, Te*a. J [nrtirumi-ms. 

Atomic ab^Qrj)tioijjxcccBSijri<?j^ - Sev AA Methods Manual for i3L-lves sampling 
Cup, Boat Method, graphite furnace, rUnieloss mercury analyzer, e tc . 

150-jnj oi*afa?rb with tyatchfilags covers 

1 0 - m l a n q 100-nil graduated cycllnderK 

IgS-ml lurid 150-mj pa tyvlhytene_ bottles 

1 tot jilatc gap able_of_tgrpj>craturQ to •iOO°C 

j?laUnum_ c ruc ibl es 

Teflou beakers 

REAGENTS 

androgen peroxide 130% H^Og) 

1lytlrpgeijfUiorids (hydrofluoric acid* 4Hft HF) 

Double d i s t jUod^r deJQni^cd wntJL^ 

Redistilled cone, nl t r tc ocid (70% HNO J 3 

Cone. hydrochli>r_ic_acid {3&ft JJCJ) 

Cone. sulfuric acid (95% l l „ S O J 
— „ . . — 2 -1 
Cone, pe rch lo r i c acid f?PT* HC1QJ 

<>rg bycLroghloric^ a g l d ^ Add 500 ml cone, hydrochloric acid ui 
500 ml distil led water. 

Acid diflc^tion mixture I; U; 1:1 cor.c. HNG.L: cone, H^SO : rone. UClO, 

5jock^jjiMjdards ; Maht Up 2 000 wg/m) solutions as the i r chlor ides of each of 

the e lements listed In Tabic I, bvui£ s u r t lo acidify Oicrro profitrlv lo keep Die 

meta l s in solution* As, Ba, Hi, and Sb j r c easily Jiydratod to the i r ir.soUiblc 

oxychloridcH or hydroxides; therefore the slock solutions of these elements 

must be ui at least GN acid, Others a r e stable In \K acid. Keep Ml stock 

solutions in polyethylene bot t les , Hj; and Tl form insoluble c h l o r i d e in the i r 

JtmtT oxi&Hi&n s l a tes ; therefore , add 5 ml cone, ni t r ic acid, p r io r lo dilution 

tu volume, lo provirfe a î oxidizing titviHtun nut} onaurf tht?ti hipht-T vaH'ticr 

s ta t es , Commercial ly p repared aqueous slock s tandards of iOOO fi^fml m*i\ 

a lso be imetL 



Working solutions - From vach of UIL* 1000 fig/ml stock s tuwiards , p n p j n -
working s tandards to cover The range for each metal as jjiven Ln Tablo I. 
.•11J nothing titurjilurtlG should he iacitliSitiil an strongly an £i*tck ,M.rujdjj-d** 
ami HU,rcd in polyethylene bott les, Remake yvery day for best rcsuh.s. 
When analyzing for any of Hie- metals where interference:; >ri' knu-vii to 
ui 'cur, as is indicate it in Ttfilu i, stanc^i-ds tihoxdti he prepared iicctirdinn 
lu the ' 'itemcoV* listed lii the Table, 

SAMl'Ltl iMtlil 'AJLVnoN 

Ai r Siimplut. anrj fiwiitca 

I. Transfer mtrn^cs *w 150-rii) )>vn^vrs mat ztld 5 u,3 ol cunc. UNO. * 

C<ni»i- each beaker wish a wmchglass and heat on ;i hoi nlate ( H 0 r C ) 
in Li fume hood until Sample cb:irs or a litfht yellow solution remains . 
f(i-|n.-M addition of K.VO until a white res idue r ema ins . J Jrtrceed ivith 

M i l - 4. 

-i. Fo r samples containing l*eO, j ti, 10 ml of acid, digestion mixture 1 

is used. The Hampiefc a r e healed at 200--100^C until digestion is 

complete and while SO,, fumes a r e evolved, CuuZ, and qiuintunUYuiy 

t ransfer To a 10-inl graduated cylinder, 

.1. Fo r sampler containing As, In, Se, Tc, Tl , and 11^, Ihc residue from 

stop 1 Is dissolved In 2 ml of GN HCland iiuantiiaTtvely t r ans fe r red 

lo a lU*ml graduated cylinder witn distil led water, 

4, The residue from s tep 1 i^ heali_-d severa l minutes on a hie,h tem-

j>eruture hot nlatc (400BC> and converotcd to a null by three successive 

evaporations with fonc. HNU or GN UC1. The ash is then dissolved 

with tiN HC1 or cone, UXO ami quantitatively t ransfe r red to a ll)-ml 

ffrvtcfuaUvJ cvollHdvr. Allijuolff of iJji» cau in- diluted if ttvevtimtry o r 

the volume tan be reduced by evaporalion To get the concentration 

within the working range of the metal . 

O r e ^ Soils, and j ju s l s 

1. Ijjiiitv a 1.000(1-0.005'g dried JOU-mesh sample in a platuiuiu ei-uedile 

at i)DD"'C Cool and t ransfer the ignited samj>le to a HlO-ml tcflun heaker . 

2. Dissolve the sample by adding 10 mi of Ml' and 10 ml of MCI and L*vM|inratmj! 

to d r sness mi *i low- iempera lurc Iml plole, Kepcat the .itkliLiou ul III' and 

UC1 and evaporate To d rvness . 



I. Add 3 nil of 1101 and evaporate to drAurss, Itepi^ 

4. bmsolve tin* n-mdue in ON 1IC1 or cone. IINU and quant iliuiivrly 

t ransfer to a lQO-ml graduated i . Lnider *i ih distill'-*; ^aUT, All iums 

of this run be diluted if necessa ry to H t l l b e metal coueeiitratUni withoi 

tin-' -.vor^iup ranjje of the methed. 

V f K C t i l l lu l l L :u 

1. 1'lace severa l grains of dried vegetation in a Waring blciidi-r and blend 

until the sample IK thoroughly cut and mi\ecl, 

2. I ' luce about 10 ^ in a platinum or porcelain crucible and heat in .I 

muffle furnace at -130"*C ui Ul a white ash r ema ins . 

;l. Continue with step 1 Wider " so i l s / " 

LVu'C or Whole Blood 

1. Tu 100 ml aliquot of urine or 10 n blood In a *»U0-nil Krlenme.M'r fliisn, 

add 2M> ml rone. UNO,. &nd 5 nil 11 O n # 

1*. Kvapurate to drtncfji; reneut tone . UNO,, addition until a white ii*h U 
oli Mined. 

*. Add 5 ml eonc. UNO or GN Ht'l; wiirm -o dissolve rcuidue, timl 

quantitatively t ransfer to a l(J*ml graduated cylinder. 

Anah i i r a l 1'rocedure 

1. Turn uu MOULT to atumic absorption unit; install lamp to In- used, and 

adjust lamp current to the recommended setting. 

J. ytirn i>n vL'iillhithu} synivm ovt-r fhe " J*u- umX 

i. Turn on acetylene, nitrous oxide, and a i r to the control box and adjust 
fuel and a i r How an bidicatud in the A A Methods Manual. 

4. Install the proper K u u e r ht-ad according tn the l't>i»e of flame" as 

lis led in Table 2. 

o. Set Wavelength cont-ol to the proper analytical waveleiijjlh for lav met*] 

uf Interest and adjust the E£NKHGY mete r to maximum energy, co-istantlv 

keeping the needle within the black or groeti portion of tue dial bit adjusting 

The CAIN knob, 

I.. j urn on the fuel flu* to the burner arid ignite. Aspirate the s e r i e s oi 
s tandards ami the ^imj»le?- and record the absorb^nce. P r e p a r e .i 

ca l ibmnoi i curve o* \>h.nm^ un liru^tr tfraph ftitfi-r ttf .ths^rt-^wiCt.- ivr>u> 
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the concentration of t-Mch standard in fig/ml. I'rom the calibration 
t u r v c , read the concentration (jig/ml) o I IH* samples . Blank values, 
if any, a r e subtracted froir each sample . 

C A l . C U . A n O N S 

I. CJ.I an a i r sample; nifl/m 3 rnl_ solution 
1000 

Jifi/ml. 
vol- Mr sample in in 3 

On a pwipe my 
ml L^lution _x___pgt_^l 

1000 

:i, [n a liquids T* 10,000 

•I. [n ;i solid: 
in) poluiiDfi x t*f*hn)_ 
wt original sample igrains} x 10,000 

He fur mire 

1, ' ^ L l ^ l ^ - i ! A^ethnds for Ato:nic AbsorptionSpectrophotometry, 

The J 'erkln-II lmcr Corporat ion, Norwalk, Conn., 11*7-1. 
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MKUCUHV IN" UIUM-: 

-MiKtmct 

Lrui* 1 r.;nM]pk-s a r o drrrJii jjoM-d AIIII n t t r l r acid imd Ihcn Hit' : i ju rcur \ in rudut'i-d lu tin-

i +]i ki!irnfal still*- with slmmou?* chloride-. Tin 1 inorcur ; . vapnr i-"i |>;iHHc_- =•! iVirouph nn "•lhsurjAion i\_-\l 

'•Mill tui.ii't^ trtul uimiows u.•-i11n Mm 2^:1. ? -nanoitK'ti-'i* mc-rcui". rfsuriijuct-' \'u»\ Cun t mi. 'ncul a tomic 

uij^or|ttii'i4 v'|ui|jjtn-- |it i* usi'il tu niL-nsiii"' ihc tfiMr'lil.4! '>f mi-T^ur;." [jrc-Kcni. 

A I T ; j r . v n n \ s ANU LIMITATIONS 

T W M'iiMiivi\% for »i \,\i-ivA \u"\iw swmjA*: i* i 1*^/1. Tin* ran^*.1 I'Xtimds u^ to o\l t u ^ / l . 

Mota ls suirli ;LS fojJlti-Tj jjold, o r | i laliniim form a l loys with morctfr \ ant! lliuj. will I"IU,;L- a m-^Hu' i ' 

fc^i-unt**.1* >\aii.-r I 'anor o r orijimic solv>'iilt> thai ; ihsurb ai J^"iiI.V iuitu>mL*ii-rs t-a 11*1' a |ioH}tivik 

J 'v^vumv, Aii^llwt i t iu i ia t tou of Uus method Is that sojiu< o r g a n i c - m e r c u r y conn rounds :uv ••••«»• 

(tocniniiUK^i! b \ Tin- I'»1TI a r i d iH^vtiliuii Ti.-ihni^Uk*. 

Al'1'A.ttATL'S 

M i ; n - u n ^ ' ^ J ^ A ^ ' i l ^ i " " 'HUs r o n s i s i s tif ;» ruiuinulL-r CUVI*Z1XIJJ 'hu 0 to a - l / n i m 

ruiir f!i\ - l hitfli-effirk'n<:\ tmlilik-r* ;« nud^i-i iinjuiigi.-r as a sak't> t r ^ p , a dryi ' i j ; miu-

fiiii. I wiiii ina|;rn.'Skini uc rc l i io ra rv , am/ C0<- a b s o r p t i o n i-i-ii. 1U com pun e m s art; 

t 'uiini'ctcd ti> at, a i r .-supply IMU uiiH min imum tan-jilis of ty|*on tubing. 

nit*h_'_cHiciL,n&\ bubb le r ; l C u - m l s i l t 

IJii»ots_: 1-. '•>, ant! 5-nil s i l l ' s . 

Vo lume t r i c fhthk; 1000 ml 

ItKAGKNTS 

- ^ J j C l - Add 500 ml r o n e . Ji\ t lrothloi*ic a c i d t o 500 ml d i s t i l l ed w;tioi-. 

Skmnous Ch lo r ide Solution; 2o iW/V) _r» &N HCJ - Dissu lvo 10 n I s tannous 

rUlor ido in 50 n l of ON IIC1, 

^ ^ock s t a iu ' a rd ; 1000 MP / m l " Avai laolu ru ^mufc i a l l ^ o r prc-pari ' I -. (lisscjlvirij; 

l.'AYA R of m e r c u r i c c h l o r i d e m 100 ml of fcN H O * 

\\ arknifi s t a n d a r d ; 1 ppV ml - t ' lpci 1 ml of "hi.* 1 UCH>-JJ^/ml ?-!i*-h ^ a m i . - r d 

Uili> a 1 - I U L T vo lu tn i ' l r i i f l .^k . Ailn Ji> ::il of ct»:u- | | M * .uso i'ilall- tu inluim-

11 ̂  



1. I rim^fur 2 ml of i.rine sample lo u nigh-efficiency bubbler. 

- . Add 5 n ' of UNO, and allou- to reiiU at room tcmp&rature For at 

loasi A minutes. 

•i. Dil^u- to 50 nil with distilled waic-r; add 1 ml of stannous cnloride, 

an-', connect the flask to the Iwbblcr tube in Uie generality train, 

4. Opi-n air valve and :tass air through the train a* 2 l/min. 

0. Kt't-orU the dttectcr respcnsf on the recorder, 

f>. Run standards Of 0.CO1 to i ug mercury in ihe same manner. 

CALCULATIONS 

1. Make u calibration curve \,y plotting peak height or area inderthe curve 

voi-sus pg mercury on semilog graph paper, 

2. From the calibration curve, ,-ead -JC mercury for each of the s^i^^li1^. 

• , r I, *Jfi mercury found 
3. »\mvry cOTCoiitpatwn Oifi/mll = ^ o f S I l i n n i e taken" 

Uefrrence 

1, IlJirh, \\.l\.t and Ott, W. L., "'Determination of Sut;-Microgram CJuan;i:i ?. 

of Mrrcury b\ Atomic Absorption Spectrophotometry," AnaL Chcm.., ^2i 

2UH5 U'JWh 



GENERAL PROCEDURES FOR SPECTROGRAPHS ANALYSIS 

Ab s t r i c t 

The emiss ion spect rograph 15 a useful icj\ in the Environmental Health J-aboratorv. s ince 
it car. accept a wide range of sample typrs with a minimum amour,: of sample prepara t ion, Jt is 
CKiipctoily vscftil because <tf i ts t r ace -e l emen t sensitivity for mar.v ttaetals. TUtse factors tv»vt 
influenced l abora to r ies io investigate the use of the emiss ion spectrograph as an analytical tool 
for s u c h routine p r o g r a m s as * 1 > beryllium swipes and a i r s a m p L u nioniioring; and f2j qualitative 
and semiquanti tat ive analysis of swipes , sett led dus^s. and commerc ia l products . Tlu- general 
methods outlined ^ c used in the Sandin Labora tor ies Environmental Health Chemis t ry Laboratory. 

APPARATUS 

Spectrograph, 3.4-tfietcr Ebert Plane Grating, J a r r e l l Ash Company, Newtonville, Mass . 

Bi la te ra l s l i t , adjustable from 0 to 400 micron 'idthj 30,000- grooves -per - inch replica 

grating; 4- x 20-inch plate holder; e lec t r ica l racking and step-jogging mechanism; and 

remote grating rotat ion. 

Power source , AC/DC power supply, J a r r c l l Ash Company, AC spark lG-10 amp), DC a r c 

CO-1 fi amp) 0- lo (iO-socond prchurn, 0- 10 3-miniitG exposure t ime. 

Arc - spa rk stand, J a r r c l l Ash Company. Water cooled, adjustable jaws, a i r chimney 

with adjustable damper for draft from 0 to 0,20 inch of water , motor for rotating disc 

e lec t rodes and rotat ing platform e lec t rodes , and inlet from regulated QQ% argon-^Oio 

oxygen tank lor use in argon a tmosphere excitation, 

7-s tcp filter, J a r r e l l Ash Model No, 1G-330 

PI .a ioprocsssor , Calumet Photographies , Inc., Elk Grove Village, Illinois, with tkcrnJO 

stat ical ly controlled tanks for developer, fixer, stop hath, and wash tanks. Adjustable 

nitrogen burs t sys tem oti devcloj>or, fix*;r, and wash cycles . 

5eidel calculator , J a r r c l l Ash Model No. ;<Q-100, with wording t i irvc s t r i p s aitd back­

ground cor rec t ing device. 

Photographic plates , Kodak SA No. 1 

Elcclrodesj Ultra Carbon Corp . No. l'-"-'' ''"'= 10" u 

Compara to r mjcrephoton^eter^ J a r r e l l ARM Coosoh' M^ieJ Np. 21-000, n^nrceordinej 

iwtti Q co -10-micron continuously adjustable s l i l width, and 0.1 - ( 0..V, 0 . ? - , 1.2-, 

I .0- , and 2,0-mm step-adjustable slit Jioiphi; Las c k - r t n t a i scanning drive U|i I>J 

^/•l mm at G m i c r o n s / s e c . 

11 A 



Qualitative mas te r plate - I ' tate marked vv it It '-he positions nf pers is tent hues of AZ 

elements using an Fc reference spect rum. 

Vials > SpCK Industr ies >os . 3111 and 3110, l /2 - inch diameter \ 1 inch long, poly­

s tyrene with polyothjiene cap, 2-mi c a p ^ i l y , with l/fl-inch-tii "meter Plexiglass 

bal ls . 

Wig-L-Rug, Spcx Industr ies No. 3140, with 1 -hour t in ier and fan-euoled motor 

Assor ted laboratory g lassware 

EXCITATION AND EXPOSURE CONDITIONS 

Arc 
F r e b u n i 

Exposure 

Fi l te r 

olit height 

Silt width 

Step height 

Analytical ga;> 

Gratinp; position 

Atmosphere 

IU amp DC 

2 sei; 

30 sec 

7-s tcp filter in step 2 
2 mm minimum 

10 microns 

2 mm ::;jnimujT. 

2 mm 
y.5D degrees 

Air 

PKOCESSING COSW'nONS 

1. Develop for 3 minutes in D-10 developer which is still c lear enough for one 

lo see the LK>ttovri of the tank at o t empera tu re cf TD aF. Use 2-sec nitrogen 

burs t every ]0 sec en developer, fixer, and final wash, 

2. Stop development by dipping 10 to 15 seconds in * > acet ic iicid stop bath 

which is not more than 1 month old. 

3. Fix for 3 mmutes i" Kodak Rapid Fixer (Kodak '-i-]>art solution) fixing bMh 

which is not m o r e than 3 months old. 

4. Rinse for 3 minutes in cold running lap oti-r. 

5. Rinse again in distil led water lc el iminate water ^pois 

ii. P la tes may be [tabbed gently * i lb Unt-frce p; iptr toweiing before drying. 

7, Dry for 3 minutes with emulsion side up in thi: oven, niih heater on high 

and blower on, 

tl. (Mate may be marked to identify specific !••* for qualitative identification. 



D I L N S I T O M ETKY 

Use the following sell ings: 

a. Slit width, 10 microns 

b. Sl i t height, 0.5 mm 

c, Set 07a T with ZERO ADJ. knob after 15 minutes minimum wiirmup t ime. 

d, Set 10Oft T using SPAN knob after setting OTa T, using a clear a rea of the 

plate ei ther just over o r just under the l ines of in te res t . 

GENEftAL METHODS, QUALITATIVE 

Swipes 

1. Load the swipes into Ultra Carbon No. lOflO hollow-cup e lec t rodes . 

2. Excite and p roces s , using conditions as outlined above. 

3. Using the qualitative master* identify the unknown elements . For 

positive identification oJ an elements p resence in the sample, a 

minimum of three pers i s ten t lA.ss must bo matched or measured 

perfectly, 

L.ollds_ 

1, Grind sample , if necessa ry , to allow introduction of a uniformly 
mixed portion of the sample into a No, 19U9 hollow-cup e lec t rode . 

2, lixcile and p r o c e s s using coium-ions as outlined above. 

3, Identify the unknown e lements using the qualitative mas te r plate. 

4, To identify the e lements found as major {M>, minor (m), o r t r ace 

( t r l quantit ies m the sample , compare visually, using the compara tor 

m icrophotometcr with s tandards or other samples of known concentration, 

Ljquids 

1. Trans fe r the liquid into a No, lUflfl hollow-cup electrode. 

2, Evaporate the liquid by a i r draft, healing lamp, o r i>veu, as necessa ry , 

A. Excite, p roces s , and identify using s teps 3 and A under h , Solids ." 



GENERAL METHODS, QUANTITATIVE 

No deviation froiri the commonly accepted quantitative spec t rog raph^ methods, 
abundant in literature, are used. 

Thf interna] s tandard i s chosen with the following c r i t e r i a , 

1. Equivalent burning ra les ; c.p;,. Mo for Be unknown. 

2. Minimal chance of presence of the internal s tandard in the sample; 

e.g., Pd or In in t r a c e - m e t a l analysis of water, 

References 

1, ASTM Committee E-2 on Emiss ion Spectroscopy, Methods for Emission 

Spectrochemical Analysts , American Society for Test ing and Mater ia l s , 

Philadelphia., Pennsylvania, 1964, 

2, Harr ison, George R., MIT Wavelength Tables . The Technology P r e s s , 

John Wiley & SonH, Inc., Sew York, l93Dt 

3. Harvey, Char les E.t Sr:mlquanUtriH''e Srer ' ro?hemiP*rv. AnplinH H-search 

Labora tor ies , Glundule, California, 19G4, 

4. Kroonen, J . , and Vadcr, D,, Line In ter ference in Emission S p e c t r o g r a p h s 

Analysis , Elsevier Publishing Company, New York, 13U3. 



BERYLLIUM IK AIR SAMPLES AND SWIPES 

(Spec t rographs Mot hod) 

Abstract 

Air samples or swipes a r e wet-ashed in a digestion m i \ t u r ' ' of sulfuric, perchlor ic and 
ni t r ic acid; a known amount of molybdenum is added as :in internal standard and the sample diluted 
to known volume. Aliquots of the samples and s tandard solutions containing molybdenum a r e 
t i-ansferred to hollow-cup e lec t rodes . The e lec t rodes a r e arced in a lQ-amp DC a r c , the Be l ines 
a r t measured on a densi tometer , and the beryllium concentrations ari- calculated. 

Sample Type: 4-inch Whatman Hi*Vol Air Samples 
42.5-mm or grea te r Whatman Swipes 

MiUipare Filter Alt* Samples 

Sensitivity: 0.1 &g Be/ total sample 

Accuracy: ±20%, 0.1-1,0-^g range 
±10%, 1,0-3000-ug range 

APPARATUS AND HEAGENTS 

Emission spect rograph 

Power supply 

C o mpar at or ' m ic r op h o to m ct_er. 

Developing equipment 

KotlakjA No. 1 plates 

Elec t rodes , Ultra Carbon Corp. No. 19B9 and Ultra Carbon Corp No, 100L1 

waterproofed with Krylon spray , 

P iuc t tes , "J ml, 100 lambda 

DJUCRUon mixture , 8:1:1 70% HNu^TOf. \lC\a :i»5T» H , S 0 4 

ttcryjlium stock Solution - Dtsftolvi- 19,G3Z1 g He SO • 4H.,0 In a H U T of 

0.1MI..SO, (1 ml * I mil livh 

H cry Ilium working nolutiosi - Into a 100-mi glnjui -stoppered volumetric flask, 

pipette 1 ml beryllium stock sulutum, add 1 ml cone. HNt) , and dilute to 

volume with dist i l led H„0 (i ml • 10 ^C HH, 

Nlolvhd^num t-U>ck solution • l>i**olvc O.lU g (Ml I Mi> ?0. * •*' ' ' th *IMH«* 

ihstilU'd H.,0 "i a 100-tnl volumetric f l ^ k , ,,-ld 10 ml cum-, HM> » 4nd diluU-

ti» volume (1 ml ' j mc M»l* 

file:///lC/a


Molybdenum internal s tandard solution - To a 250-ml volumetric flask, add 

10 ml I'onc, UNO., ant! pipirtttr 50 nil molybdenum slock solution (I ml - 1 m|i Mu)d 

Beryllium s tandards - To each of seven 100-ml volumetric flasks, add 

1 nil rone. UNO . Then add ser ia l ly 0,1, 0,3, 1, 3, 10, and :JU nil of beryllium 

working solution; to the seventh, add 1 ml of beryllium stock solution. Bring 

to 100-ml volume with distilled H,,Q. Thus, the s tandards will have 0.001, 

0.003, 0.01, 0.03, 0,1, 0.3, and 1 jig Be in 0.1 nil, 

ANALYTICAL PROCEDURES 

1. Fold sarnpk- i n t o a iOO-ml beaker , add 2,0 ml molybdenum internal 

s tandard solution and 10 nil digestion mixture, 

3. Place o r i " o t ['late and cover with a covorglass , 

3. Evaporate to **3 ml, o- urtil just fuming, 

•1. Let cool, add H-3 ml eonc. UNO , and replate to evaporate lo SO fumes. 

5. Cool, t ransfer quantitatively lo a 10-ml g lass -s toppered graduate, and 

dilute to 10 ml. 

0. Trans fe r three 100V portions into th ree No. 10110 waterproofed hollow-cup 

e lec t rodes; triplication is necessa ry to meet required accuracy, 

7. Evaporate solution in e lec t rodes Hlowly. When the e lec t rodes appear 

dry, inere.ise heat to drive off Uie last t r aces of HCIO and Vl.fiO . 

EXPtJSlUE PLAN 

1. Allow 2 mm of plate height for each of the samples . 

J. Load the plate holder with SA No, 1 pla tes . Position the grating at 

'•, "ill Mich tliat the wavelengths between tOOU A and :i30D A all fall 

<>.< Uie plaie. 

i. \iijust Hie j=lii width to 10 microns . 

L Allium? The *Lit height lo J mm to conform with the planned plate in 
fni-.H-ediire 1 almve, and ^et ihi- step height accordingly, 

"i. ^<-: tlu 7 -^trp filler lo the si-r,»nd notch in all samples . 

I \ P i i s i ]!i 

s . ,-.M \ til -..*•: j . . i -- iiT (ll v,-i oinj-. LI jth LU-amp IX' a r c ami 2-second preburn. 

file:///iijust
file:///Piisi


IJEVELOI-MENT 

1'roceuvl ivt- s^et i f ied in "Genera l Sjwct.r«Erfc»hic Methods." 

I'ROCEDUHE - DENSITOMETRY OUR SAMPLES) 

1. Turn oi" MASTER and SCALE switches, unci tiiluw lu warm up fsir ;it 

lcasl 15 minutes, 

2, Set s l i t height tu U.a nun unci slit width to ICJ microns ;uid reeurd 

: j . Alijjn selection fw optimum nm^e . 

Internal Standard oil Jiluctiocle l*Ji.. L'in<-j_^V 

Mo aiaa, 5-:vr o.ooi-o.i :H:ID. lmr-

Mo ;n:*3t 5'r«T iu*r> n i l , s:» 

Mo;u;t:t, &'&T a*:*o a«r»o( :v: i T i 

l\se s tandard curves for iiviantit;diciii. 

4. Calculate the tm Be- on each elect rock" mid average Hie figure;; fur 

each sample . 

. "* up/c-k'Ciroik- s uilutinii f.i.'i^r 
i fig Bo /m a i r .sample * '--— — - j 

a i r sample volume in m 

- ffijUJL :i 
in 

Inference 

1. HrucaLu, T id HiL'liski, R,J\ , Hii£iid_AiMl**ii> -,»f HerUlium m An-- Hume 

Dust Uy Emission ^ c c t r o y r a p l n e lVcJmii[uL-st IV. IIIIK *1 liepuri V*. IUMJ, 

l-"uhruar\ fi, ]!>K4. iKroin Teehnie.il liifurtiMtiou Elcjwrt""*"!* Ela ine , r l i ^ 

Kese* reh Center , i\i\ » » \ *>0U, I 'nm-eitm, Nfi* J e r * e > J 

L.J I . 
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A>: A LYSIS O r COMi'RCSSKD BREATHING MH 

Abstract 

This mcihud descr ibes the jnalyi ica l techniques used in analyzing compressed breathing 
a i r :u;d :hi_* tjM_'c[fixation ri:*juiren:i-*ni £ a r t l isted l?y *he Compressed Gas Association Inc, , 
J00 Firth -\ venue. New York, N.Y. Table H l i s t s the CCA Specification G-7.1 19G(-. Grade D 
guseous is the breathing a i r used at Sur.dia Labora tor ies , 

TABLE 11 
Compressed Gas Association Specification 
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A\A : YTICAL I'HOCL-DUittlS 

1, Thp percerji oyvgeri aliouM lit" deitrrniincd b^ i-\) an appi.raiy? t^jAoMr^ .1 

comparison Itthf filled with J coior reactive chemical or b\ UU a £a? 

chromapograph, Tjie technique used must be specific for Oxygen. 

"2. TVjfi water content shuuld lie determined by (M sU7i}rt>rUnfc U;e cylinder 

in ar. inverted position I valve -i\ the boltomV lor J miryjlct- The cylinder 

» d contend should bo at room :ernpero.Jre 122"C). The cylinder valve 

is then opened slightly IL'SE CAUTION) while l!ic cylinder re^iaii^ inverted, 

and the air is verged with a barely auJiblc flow into an OJKTJ: dry container 

for one minute, (CAUTION; A rapid gas Ilpw ma? cause «i.y Uuui'J to 

d i s^ r sc ami not edliicl in ihc cos'.tainer.) Any *raier in l!;e breathing air 

wilj condense on the dry container, or by IB) Karl Flsrher ii;ratioi\ 

apparatus. 

A, The Eozutcnsed hydrocarbon cofctunt should be ck*LcrmJr.cd L\ 

U\) s-epporluiE the cylinder lit ^n inverted position Waive ui the boUom) 

for 5 minutes. The cylinder and ^or.lenl? sboiuO be at roojn icmperalji e. 

The cylinder valve is thcr. opened slightly tU5iJ CAUTION) while the 

cylinder remains inverted and the air is vonlec1 with p barely audible 

flow into an o«en dry container for one minute, (CAUTION; A rapitl 

gas Hc-w may cause any Utyjlo to disperse and not condense in the conlainerj 

Any oil in the brfcatMne air " ^ condense on tht dry twVJiwr, IB* 

scrubbing the air sample with spectral-^r;ulc carbon tetrachloride 

which is then examined by an l.n. 

4, TiiQ carbon monoxide content should he determined bv (A) a gag-cHl-

ettuLtiliud in(ru.rctl analyzer. The LU. ia to L<; calibr-ited .-it appropriate 

intervals with calibration gnu atamlardfl at 4.G mUvons «r Uv ItU a nae. 

chroniatograph specific lor carbon monoxide, 

5_ Odgr .should be checked dircrlLy by smelling of a moderate flow of air 

from the container being tested. The prcs^-u^ at ,1 pronounced rjor 

should render the* air un satis factory for bw*vhbi£ purposes', 

(i. Tile_car_b_€iit_j)lqxiile_content should be determined b\ M) a |!;I.STUU -equipped 

infrared Jualyicr. The analyzer Is to be eiiUbrjtcd »Lth caUuraUun uas 

standard* at * 0 mlcraii* or h> <U1 ' e.a*i *: h CUT iuu" trap U h|iecl(u.' lor 

carbon dioxide. 

7 r f The ^a^eouH hydrocarbon cw t̂̂ ril sJiould be determined b> {,-\J a pa*> 

ctiriimMue,r^h *Uh » flame tofjiEJtioii dtieetur^ Hie G.C. is to be 

iMljhi\iti'il by UJ.I'- of me>liant fas 3tat\tUri^« i,\\) H> a K ŝ cull e<^utji\ied 

Ml, T(u- I,K, Ls to be calibrated uitli methane sunOart^ ai :i.f» nnrrtms. 

IM 



H. The nitTPflCiti dioxide content sho-ild be determined by (A) a gas cell 
equipped infrared analyzer , The I.R. Ls to be calibrated with gas 
s tandards at C.2 microns . (ID by a suitable colorirnctr ic method. 

*J. Thesu l fu r dioxide content should be determined by (A} a gas cell 
equipped Infrared analyzer . The I #R. is to be calibrated with fias 

s tandards a t 7,3 microns* (B) by a. suitable calo r ime t r ie method. 

10. TJie IMqgenated solvent content should be determined b^ (A) an 

electronic halide detector or (B) by a gas-ce l l equipped I J t , 

11. The acetylene content should be determined by (A) a gas cell 

equipped I,It, The l.R. is to be cal ibrated with gas s tandards 

at 13.7 microns or by (Bj a gas chromatograph. 

Reference 

1. Commodity Specification for Air , CCA Specification G-7.1 Compressed 
Gas Association Inc. , 500 Fifth Avenue, New York, N.Y, 10U3ti, 
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CAilHUN VUNOXlUrJ IX A1K AND CUMl'liKSMJ \[U '1ANKS 

Abs t r i c l 

spectrophtiiumelry In the* 2- to 14-micron ran;-'-" using '\ loni*-r>i*tli t> , f : co ' i . Lum[ircascfl a i r luukF 
,] [i .1.,HI ,L L.iJv^ud by this method. 

iW'J'UCATIONS AND LIMITATIONS 

The analytical range extends from 10 lo JOO I'l*M or higher by using an aliquot of the 

sampler, .ny gas that absorbs i n j u r e d ."adiation at the1 analytical wavelength will in terfere . Bui 

by scanning the complete 1,R. spectrum they can usually be detected as having additional absorption 

l ines . Water vapor is removed by use of drying agents on the inlet of the I. ft, cell. 

Al't'MiATUS 

Infrared sticcttQtt{iQtanietG£\ 2- to 2 5-microfi range 

10.-!iiytur-]>ath'lQncth gas cell 

Vacuum tmmrj and manometer 

TcjUar or Mylar bags (5 l i t e r or l a rge r ) 

Gas syr ing ' s (100 *il lo iDOU wU 

Gas tank r egu l a to r , 

KE/,GfcINTS 

Drying agent - Dricrfte o r anhynrous calcium chloride 

Carbon monoxide tank vvUli known concentration 

TO j rce_a i r 

ANALYTICAL PKUCEDUHK 

1. The 10-meter-pa0i^li:iigiii gu^ cell Ls connect* d to a manometer 

via a T conaet i ion. 

2. The gas cell is rvacualcd to ahjut 1.0 mm Hg. 

It, The jilaslic bag sample is introduced into the ci*ll inrough a drying 

lube, Wiiil IS miiHV.es for eqi- ihbnum to beeome i 'Stablishid, 

1 
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I f a r i ^ n l ft^nijilu con la .nor is used, r i ' i / o n ! Hit* e q u i l i b r i u m p rc^su r i * 

11 * t } and f i n t h ^ c o l l to ; i im<jsi jhurk B p r o ^ w r u w i lh C O - f r c c a i r 
irt)iJlL ' ' 

If is:i- samplo l i j r un : pre*, so*] a i r lar^-i, f i l l Ihe t vacu^ tud i^ i i w l l 

Si iLitiio^|at-Lbr;c ( j ros^urL' w i n ; -nr f r o m :hu I - U K , 

>*'an : ;n: _ - | I L C I r j n ; f r o n : 1 -1= ; n i r r o : : s {2500- l l i 7 p " ^ i r ) r i h r j b s u v b u i a ' f 

a i,{j7 ni i i i run.s ( I f l J j c m J i±r muasur^ i t U> Lhr ^ i s e J i n r l+'clHm;ui% 

A ra l ih rauu t ' . turvL* re l a t i ng ^t j^or lnui i :* : at 4.1*7 m i c rons adti c y n t e n -

I r i i t i u n is j i r u ju i rud fo r a s t r ^ s of known vo lumes of CO in t roduced 

niEu II;L* l ,H . cu lL Thu p rocedure is as fo l lows: 

Kvarusi t r The R;as tc-11 to L 0 m m Ilg* l l i vn b r i n j j to 

a-"n iM3jK - r ic • i r cs^ i i ru h^ y*\:rzmltu*£ a i r i f i c n l c r 

M- I .i c ^ i l s r a i c u w t - i - t fS l m e : t z \ 

i -v.u-ja*r t - t 1 ftas t K : a^ain to UO :^-^ II i ;- CU is 

iiiEtii-;1. * i l i i ihe an ! i\f a i;as sy r i nge i l i ruu^h a rbjt>ljLhr 

M-|iium at ta r l t i ' d lo t i i r fia>* c o l l . 'The i i r owsu r r is 

i b r u krttifthl lo;jljJnj.s;j|fj?rif: pro-s-sun- n i l } ) C O - f r c u 

a i r o r n i l r ^ u n and tlpi1 ahsor lmnre at - I j i7 m i c r o n 

is mratf i i r iMl (or usu CO M spnn n=is" **T known r o n n . n -

t r a l i n i 

Hit-- i OM^I*::1S"IIU2I- \s t ra lcala iud fr<i-*i *Lc = r j a n l i i v o l 

l / l ) addrd ;u;n ; l n i volume 1 uf I lk 1 Ct^Li, i . r ^ 1 ;.:l of (-V-p 

1^ aililt-Ei and l|:iB v o l u - i r nil I V 1 ce l l i> -i.tia k : e r s ; U n r 

vol. of U l . tt-U (liters! 1.115 

r U.CU U K > \ s 

i ^ i - v ^ t n • I : M : ( U : I ^ •*" *\;v "anknm-,-: i> road frcm i r i * vaLiEir-::io:i cisr\*;» " I ' M 1 ills served 

. . . • s/ca: i i : [ L f r o u :r-i- r I d - ra i l HE: cu rv i - i * c o r recU-d f<p=" Mu \ o h i i m - oT s.um>lc -trLuallA inlrocit 

^ ^ s 4 V 

^ ' i n 

r i ^ > » i \ r ( h oTan-iLt i .illicit i r ^ u T3n i ^ h h i M I I ^ N n i r o f c I I p r \ M 
hi ^ 
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I •: J-,UI . M > L i I : \ *< iqml frc*:ii ium> \tr rmtii < i i i .t-uneF^ -% j Cl • v o f j ' . ^ , L i^r i \ i l i - r 11M 3 :;IL- u i l j i m 1 of 

U*. _ - - -K r V 
s 

V j jnU :lic- ^ 1 i [ ; : i j i i - r t jd i n i t r ^ t ^ u n i * <L • Fo r ^ . n : |,U-s i r '_ni r ! j * - - i ! [J-, 
C ' iat>S 

. ' I ' f ^ i . J - l ' E^ lNiSurL^- lL - I l l 

[J 

t r fjuil 

h J ' M C 
<ibs l J a 1 tquil 

•limohplitric p r e s s u r e 

r r i ia i l ih j ,um |Nbussur<B a f l L r L-unacclitJii of i l iu sample con la inpr 
to MM L N , cu iL 

Kr fen : : tc t : 

I n i l : r soc ie ty Ten ta t i ve Mcthot l j I j j ^ l i l i L u h o r a l o r y SCUJHC^J 13 71S 

(J im. SU[J[J1CIJIL-IU HJ70), 

l i 1 ' I in 



L T , . ^ I M ' U N T TESTING WITH I ' L N S K Y - M A i n ' K N S C L O h K P FLASH J h-M Ki t 

A b s t r a c t 

I ht> iiiL-iiiod descr ibes the- l 'L-nsky-Mar: t - i ih cUiscd Rash U ^ W 

IJ ! i i -C2 , tc>t f o r F lash 1'oir.l by I ' t - i isky- Ma r ' . t n ClObvrJ T L S U T . 

.IF - j r i i -d : i ; A S i y M i n i - i l i L ' l 

A l - 1 ' M ^ \ J L I O N S AND L I M I T A T I O N S 

ii:i.f test J* i - i f i : cf i fuv; wilt" i'± n £*1J JS i : > r t v s m^it-rtoJ.? . iml «u.»;.-f,-i.*:it»ij» i>J >J>?I»K '- J*r 

[iruci-i^cv irt r.oi -i(>^J:r^b]f Lc d r^ inp u i ! = , .-iulvi/nl-'oi'L- l i qu id I ^ M - . S <>r c u i - : - j c k ._• -<-|il-k îj-^^ i lV* -

AUTM n - n u u 

A l ' l ' A U V r U * 

^ • ' ^ - V . ^ ^ ' l L : " ^ ! ! ^ 1 : ' 4 " A K " 1 Spui-'ificJitiori K - l I U ( S ^ U l-'ij;uri.' !» 

•3 r - * r -'H^rrti iuniOU-rs*, l l i inj-u 20 F Is ::(U F and UDlTr Li> 700 J<\ 

F I R U I X * Fu i i sky -Mar ten* . T e s t e r 

L l-"ill thu c:i:> BAil:i issaltrri o h r I I M I E I l y t|u* It bvt h] inM:r;iii:c! I i \ Ihc 

JIJI; J - c nti*rk* l " ; *o - tLi* ur *hr i hup ^JEI I M I cu|i *m ihi- M - I V I - -u:il 

I l ivk iritis (rtr^iTif>l}A 

J H 
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* J" 

4 I + 

h h 

* 1 - H 

*^ 

. n 

i t '.1:1 \\i: i- * J : r H ' > I f L i :i n* -*L<|-lli - l l U f l J * A L , \ - > ,, • u * * : . ( [ 11-v i-I. . - -

i \ < 

p j ; p -*">- I j . I- I* , t i n * ( b n ! i ^ i i i s i t . ] i-i" i * - i r l . - - -^ n- . r ; i - fJ :s IE-, 

| ( i - fc>n n o -

l * ip in i 1P\ t V i i ! t k \ * M » H I M I > C ' I U H I M ' I ' l - n t r r i 
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{ t\\. M lS J 1> . \ ) | [ 

Air !-j|i:fili-s iii"<- roJU'rtt'd nn \\ hjtiiu:i \ u . -• ] f il*i-r p-ipi-i t 17 - n c. ::M iiJ.^.tLr Jilt* r>, 

J*SI" roIk-i'iiji"Sf en h\ ^UIMML cir^unn .^cilvcin^. J In- -''l :niM î  i-Mr.n In I uf u...:.hr-il into ,.i. 

"r't-inic s'llvi-nt :nid r|u,«i»t it.iti-il iisirif: i-Ltlirr fluon-scei^ , irifr^n-i!, n; ultr.ivmli/i s|.i-i rrophuli -It 

\I'J'\JLVJ IS 

Infra n?d ^t'tjgtr^iihoiorjvHt.x will* NuCl cv\\> 

Kluorescenci: s^iec trophottiiiittler 

L'ltraviolot ?j|ioctrujijioIo meter with ailicii cells 

];:ST^ collection kit 

U'luinmn Nu> 41 filter paper -IT-mm *.lt.v 

Cellulose HI embrace filters :*" mm (UJl micron) 

.As J or led la L u raiorj fijus fa * are 

HEAGKN-i-S 

Solvents^ such .is other, CCi ( , isrcnclant:, chloroform, etc. 

Standard oil, from ivhich oil mis: IK |"i-i:ciMlprl (JCO mg/rr-1) - Weigh in g of 

o:I into 10D :tiJ of a suitable solvent. 

ANALYTICAL rKOCHUURL 

1. 1 - to 100-|f^/ml standards of the oil in ( ] u c s t i o 1 1 ftrtr [ircipnred in a 

suitable solvent. 

2. Samples j ro collected and the oil is extracted, usinp the solvent 

used to prepare standards. 

- i m £]>ocLro are run iit the particular wavolenplh at which the oil has 

ntd\irnun- .ibsorbaucc. 

-i. The amount at oil is quantitaicil usinc the standards for the particular 

oil by measuring the penik heiphi and plotting this voluv versus fp;i-

ccniriiiioii in pc/ml. 

I . • 
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I ' . I, 
h i - !••< rf * i r : . | - . < 

• ' i i . . [ x- ••- !-••'••.;- i t .n 

l l i - f n 1 P J I " » " > 

• : . i . , I . . M , , \ii<vri4 <<<i h . : J »j I I > 1 H ^ . i ' i i i ' r .,. - n i l . o ; i'. i < l 'T*ii, 

:m. i:..,ii:. \ l . . ,-: ..!., Vrs-i , I'liivir*-.!, IU- • "i r : : r - ">" '* : 1 •.""•*, 



i i l i r . \ M C M t i A K M s L\ \LK 

U » 1 J ^* : 

V •..! ..i F|- B - :_* J i jf - n r i-'- ' i f - i -*, •* : M J t i j i ; l . .* i j . j i ( u . i l !u1 i r i n i r - i jh l h * B * #r j 1 - f i n * . ̂ n -r> j - r< •**=-*. 

J r i * *. ' c n ^ l i i J " ! !•• ,1 k : v n i j - i # - [ : < -, i n n I n . u ^ i •!* ^ -> r l pn l ** i i J . t H J I ' ^ I ^ ^I^^val l j i : ! _ A E . . ^ i t j ^ 

i t . j * • ! - -L ^ ^ P T i j r " " r . i U i ^ r . i | - t . -:hp^ i | h * .• n J of T t. v r» > *ipui£ p*-***, ^ ih-!i-r:^t^" •= -*• 1 (n i i .v i t ' ^ 

A l i t - i I « , | * >i! ! i i b ! . i - I f c n ^ H l I l V H l j i - * H i - I J o l M - U h l l - t n i S * 

\rn i n rju\s \\n u\in \ nu\s 

!:.;;-!-"ji*-, ,*r-! :• n^! *•* UIH-M* *!i:c-jj3 du i<t tnr i^u lu- - Innu^d il !-•< **ll< rim/ i liroj-.Moirr:*].*!^ M.:.; ! ;UM *-, 

l J r n ;>mi. of :l.r .IJ:*I]\I u-il n;r:;io^ I> -^ 

\ -:]?-.nlv-ini a j;i- Ppf ihr :::I-LIIIMI -^ ;h=i! :lu- amount •.*] >.u;ip)u uhirli L au nr t^k^n ;r- |i::.it*o 

I ^ tin* jrjrtptVr nf MPILI^ î nins th^I \hv till,!* * i l l hnld Iiifin"ih uvt-rLuatluij;, When Llti* ate iicuM ^i u i!ifcr 

iEX ihi- .iLc i> so uri-.i( ih,il ^tuidcii^.iiuii] occurs m tin- lulu # ur^unu v-ipm - A i l l mil r-< u SL|̂P< <J, 

Wln-ii IAO en* JILDJV solvents iirtr kumMi or Nusprrtoil to in- prrhvnt in i l i r ,ui', such mfoniuiUim, 

lti(-luc!iji|f their MiSprrti'd irfunlilios, should In* transmitted K Ith Mir Samplr, since, AUJI differences 

in poLirlK, Line- JIKIS di^jJat/L* another frmn i)n- t_kh,ucLuL 

Jl imisl J»- j-jjifj|j;jS]^Lh(J ])iul JJJV rjjjjppoiimi 'AhiuJi Jja* Ihi* S^JÎ L- ruli'iiliojj tnur * ^ Lhr Nperifn 

CO:II|JUUIIII jncrr ^UuJ* :ii the ujiuratini; conditions described in linn Mieihod is AU mil rfrri-nce, 

He^ei/. rcteiilion-Linn- if-fcl-i on J single c olumiip ur L-VI-II <m u iiunihi^r ^1 rolumiL-i l camuit hib nui-

>ii:i-rL*t: .i> prtHif of thcnsir^l i:ii-i;i:i\ f t l o r this riMsm; i l i^ h:i[miitin; ;hPit +* sainplr of ihp l-u'h 

siiti-enif^t liu SLifjfiiuto^ ; I I tht* H;MTU- tum- su ihui invi\ii\\{wnt Citit I]*- r^i^itiTififiutt h> HUHT TIKMCIS-

Al'lWKATLiS 

Churcn^l tuhos - Cli^ftri tvihL* wiili both ondh fl:ij-pr scaletl^ 7 um Jiiiiji; 

:*/*csh actlwLtv^ t lwrcoii l sc|wvMvnl *>\ ;i i-nni\ ^i\ir\Mv. ol ui-t\liattt* 

fo^iin. 1110 ^ciivatcil charcu.il is pruparc-d from coconui SIIL-11-- and 

;s firuii j l U(*D C prior to | ̂  i L k i n n. Tlw ubsurhuii! Feriioi^ ioiii:u:s^ 

IUO in|" of ctiui c^i^I; Uiu l>:i<hkuji >ct ,tiuh i -̂ 0 fnn, \ J-nnn portion of 

urcth^no fojm i> placoil bet^irpju ihu outlet L-rnl or tht* tulie and tli<-

t>;irkup itucliiid, \ |'lu(i of |>lu>s wool is pLicc^i in front of ihc .ll^orhin^ 

section, 

U;*s chrtit^iLlDgiMph - Kc]Ukppi-i) ^vith a flam^ in^L/alion detrrinr, 

<\JLUIII:: iJO fl \ l/^J i:sJ v\iih 1(1 O 'A l 1 >i,d un;,*;;, pl:.i-< Hi Jin/ H* 1 :::^^}i *,i-!n ̂  

DMCS Cliri»itu>-oH^ V* solid support. 

I *T 
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* " i r ^ > ^ F * ; * • * * * • H * - F n i * J / * V 

Hulp. >ji::i£i*t- of t h r L'tjEUiPOUiui tiiiilvr >Uii!t. 

Hi'J ill El, C-I J*H- I 

]|v IETUJ^I I , prt*jjui*ifii.*il 

fruit' iA i)-.t- Ural &nlnn. t>f Lhatci^ -i"iJ l>rttkvn i^n-it. Vhv /*};'*>• -VH^ 

I± rL-itittvt'tl -"'t! 'h--*c:tn\i-i). Thr r}MrcJ-iJ in Hi? Xir>i f)*»J*tpivrJ . N W J J I " : 

t& tr.ii.bU-rrt.-rf ir> J J D - m i (iri)i)uJ!*-*l f J ' J I IM- ' IT. TJK- ^ j ^ r Jim*; •***'li'*> 

in xtKithn-r Kr;t<ltt*Ltenl cyliiMlL'i: T*'it nil *iJ f s ( *> H<JcJj-ri iu v;ich cr^/toijJi-TJ 

<** liricivr, 

J . tit* coui l iUoi i* . "Hit; iv | iU:J l upc i MUIIU concilium?- for 11 w na* c l i r u m a t o -

Rr-i|ih . i n 1 ; 

K_ , c c / i u i n ("ill ii-*i^l *'ir How In <U'lerl<ir 

[ \ .JUO'C i n j e c t o r i c i i i ju ' iMturo 

K, Iriuihi 'f i i i i i l oven o r c o l u m n U' l i in t iMiui -o- *rvR*r t o 

\\*h\v 111 for spircLfu- c o m p o u n d . 

i. ]fijiTtiiv>, H i r f i r s t -sicj> m Iht* «in&lvsi£ i s ihv i i rgccuaii of Uiv samp;*. ' 

IJH>> i h r CC\ Ti> L-lifiujiaU' i i j J f i ruUios , i r i s i i ^ f r o m l i lywKick o r ilis -

' J I I J I J O J I ivjDjjji tltv &?ri»Rv i)t*etlU\ mm ±*tiuulil v n i | i l m i h r Milvi-tii Hu-sli 

u ^ t ' i i i " ^ iiTJmii^ut ' . Tin- Jl> / J 1 , * - \ n w i--' fii-M f lu^hrU n i t h si>lvi-jii 

. - * " H T . * ! t ime.* I*? « r l Hit' K i r r r J +if**l / » I U » J ? I T , Tin- n r r t J l r ».•» I b m 



TABLE IU 
Organic Solvent Fara-neterr, 

Organ ic Solvent 

l langc or L in i i l s 
(T:>^/uumple) 

Lower U|jp 

0.01 10 

e r 

Mtn. 
Sample 
' / o l > ) 

GC Column 
Tc rmic ra lu r f (*C) 

M o k c u l a r 
Wc>-M 

Brnzcne 

l langc or L in i i l s 
(T:>^/uumple) 

Lower U|jp 

0.01 10 •1.5 00 70,1 
Carbon t e t r a c h l o r i d e 0.20 10 (est) 10 GO 15-1,0 
Chloroform 0,10 10 (es t ) fJ.S 00 L19 
p-Dtoxane 0,05 10 ( e s t ) 1 100 SB.l 
Ulhyta-ic dlcWtorlcta 0,05 10 tesrt 1 90 on.o 
Methyl ethyl ketone 0.01 5 D,5 DO 72.1 
Slyrene U.L0 16 US 150 104 
Tc Ira c hlo r oe thy lene o.oc 21 1 130 lGf-
1,1,2 -I r i ch loroe thanc 0.05 10 10 150 133 

U p W r l c h l o r o c t h a n e 
(Methyl Chloroform) 

0.05 11 0.3 150 133 

Tnc l i l o roc ihy lene • \ 0 5 13 1 50 131 
ToJuc ic 0,01 12 D.S 120 02.1 
Xylene 0.02 10 0,5 100 to e 

(a) Minimum volume, in l i ters, rcquLred to measure 0,1 times the OSHA limit. 
Maximum volume in all cases is 10/, All volumes quote* assumed at "GO mm Ug and 25°C. 



i m m e r s e d tn the sample ;md a r l - j j l a l iquot i,s w i i l i m au'L, U M H J ; in to 

cons idera t ion the vo lume uf t in ' needle, s ince th . sample m tin- nei die 

w i l l i>e comple te ly in jec ted. A f t e r the* needle is removed f r o m the 

sample i iml u r i o r t o i n ' e c t m n , the p l u n g t r i s pu l led Luck .i ^ l i o r l 

d i s t i n c t i n m i n i n i i z e evapora t ion of the samj i le f r o m the l i p of the 

aeedle. Imp l i ca te in jec t ion ! , of each sample ajus sia:, 'Laru s<,;udo 

be made. ftt> mo re than a 3fo d i f fe rence in nrea i s to bv e \pec t cd . 

-1. Measurement of a rea . T in ; a rea of the sample peak is measured b> 

an e lec t ron i c i n teg ra to r o r some o the r su i tab le f o r m of a rea measu re ­

ment , and p r e l i m i n a r y resu l t s nvo. read f r o m a s tandard t-urvc p repa red 

as d iscussed 1 olow, 

\ C?'ibv,\\ion of s tandards , K is cui ivcnlont to o \p res£ con rcn l r a t i on of 

s tandards in to ru -s of mg /KJ ; ; i l CS.? because sampled a rc dc*:::r::ed 

in th is amount of t."-^.,. The densi ty of the spec i f i c compuand is used 

t o cor .ven mg in to m i c r o l i t e r s f o r easy :rn;:.surer?ent w:"!i ;i m i c r o ­

l i t e r s y r i r . ^ t , A se r i es of s tandards , v a r y i n g i:i conre : i ; r , . ;n ;n OVJ : L 

Uie rnnyo of i n te ro i t , is p repa red and analyzed under ine , i im: GC 

condi t ions and du r ing the same l i m e pe r i od as the unk i uwn samples* 

Cu rves a re es tab l ished bty p lo thn . , conccntra" j ^ > In t n g / i n m l CS. ( 

ve rsus peak area. 

Note: Sjnc-v no In te rna l s tdndurd ; c ' used in Ine method, s lamtord 

^u iu t ions n.udt ue ana lyzes aX the same t i m e t! it the sa» :-le . : r ,a l \s is 

is done. J'bis ' - . i l l m i n i m i z e the ef fect of * I D A I I day - i o -dav va r i a t i ons 

du r ing the ^ mo day uf the FJD response. 

C A L C U L A T I O N S 

1. Head the i iL- ighl , i i i m f i . co r respond ing to each pi_,i»; arfc j f r o m the 

slf tp:tartf t- rvc l o r the p ^ r i k j J a r co^tftoumi, Xo vo lume co r rec t i ons 

a r e nccdcc. because the s,tanitard cu rve is based um m ^ / l O m l ^ - > 

and the vo . ;mc of samp le i n j e c t e d i> iden t i ca l lo the ve lum e of the 

s tandards l j ec ted . 

-i Cor rec t ion - f o r the blank niuM he m.ide f. r each sample . 

C o r r e c t i n g - m j j . - ing b 

MO 



H'fl n:^ :oi;!.i: iri fror.! MTUO'J of SJ:V|IIC- *JIH ^ : ! 

nihir pi'iH"*:[lurt? î  followed for 11 if backup ^tflitxi^, 

AMU tin- L-yrr'1!-1 i-tl amounts proscm in ttic Ironi aiid backup autUonS 

of :lio .sun.u £:iru:i*C VjiK- lo ciflePiMrA" U:t- lot^I nKsi^-jrf.'l ^JJ.OU::; I*J 

the Sdiiijtk', 

, .i ... tiJia! jjirix IUGG 

ili-ftrcnn: 

WliiU- 1 . I J . , ft ii! t , "A C<invL'iiit'iu U|)lii]ii/i.'d Method for iliu Analys t 

(if S-k'itvttid S</ke<U Va{ii>rG I" tltr ludustrict Atmo^ptusrv," Ajti±?r, I'ul, 



cuMi-usrnoN oj- C U M M U I C I / L AND I-KUI-KSXI" \H\ v i i u w r r s 

\ t i - r l u i n p i T c ^ r U i ^ f of I lie l i "hor \Uor ; iw^k lo i i * ! ^ analys is uf cmt.UK ccUtl o r | . r< j f i r i rHirv 

,„-.^JiH'i> fu r LluU-rmitunK poten t ia l t o x i r J ^ a r c J a . The chemis t m"> ^ ' ^ e < l to i l ' ^ r n u m - ihu 

ro i i i fmMt iun of a bolvum f ree f r u m -solids, o r he? may he ( IL IUM •• r i 'Mu ho lu lmn ,,r a j>aini '.itnl :.>keO 

Ui tluiL'j mint- t lu- solvent in which the so l i d n^J iur ia l i * i l i s^v lvu i l o r sus|»rmk-il. 

f h ryy&n h i . , i-apirriuKLi.- . t i^ l ac^ ' - rm ic i r J i n i u ^ i.:* a . i a l u u a l t l .u . r . iM l i ^ ur=uyil> fc^^T^-

a l a r p - i , .*mi iW'.U; v< i ^ I o r ^ J U ^ - J ^ i a i .=; s t c ^ U i S i i i g -' ^ o ^ n o u m l ' ^ i_*iMr.,cK-rtf l i rs :...c: u. t -^Uu 

M i n n I . ' I . ^L ' c-li;*rac:irr:>:in's. "I :u= - ictuai . u l s s i s o t u : : unkr.uM. a l ^ o M | : . v . u u ^ i ^ |,r;u-.-i-i:s IH* the 

: .»s : * i>f hi'se val-Jv JiiOfcriM'nt.s via >'•<-•]] * M : I * A I ! j.-cIi€.»:ri'S i m u n ! ' i i - i - ' - ' l H v :i:nl . ( J n i n t ^ t l v 

nt j iu i tu in of com| ios i l i<m. 

i i i - i i - i -

T h r An«J \s is I ' m c ' ^ 

C;;»lhi-i'iiii! I n i t i a l OhsL'rwit ioh* 4 

\ U u ' Uvu- f H i t isi.i;-wr ^ " . i - u i w ^ >>1 ,i n . w . u I c, i i . in- «(»U!-« ^ *:r P i e r r e ' , JVo:. 

n :or i ' uf : M - f o ' Jo^ i i i j ; ea> ih u-.theix-il ^ ' n ! > ' " - nf irJorm.iM*.:*; 

} Name - I suu l ) \ a Lr;"i lr mni-e hoi so : ) ieU ' " i •- : */•.-•- •' hel | . f i . I JI;T:I J '•-

K\;uiu.U- L Tu l l u rac U*. '1". V;m<tvrhL.t t \ i , ) IM J I I .piT-uii i H . i U or U ' iLunum, 

U u u i - M u K (I.P>rhri\v Co.) i> -" nn iMukrnun i s-'Jlfifli- l uM u u i i i . 
_ J - _• L • ^ 

rhiol"i i£i t u i t i o n . - ! A m l i m : l * iv . # M l m l O i e n m a ! V« *J> ,> î - -« 

su l f u r fu i i iJ ' "h i f j tuMi^o [ t i ^men i . 

J , S m i r r r Suini ' I in) ' -^ ussuful n» r h , i r - n t e r i ^ n > : r l i - i im'^ i • J^^s. 

kv i i s i i i k - : Sf iel l CJH. i r i t . i l C". i> ];.niou> fo r | iHroe lH " : i i ^ a l * . thus*, t in-

Mr^Hliicl l*1 i»i*^i i i h * I y -tit orn-iJUL- i-hi-ji.i i ' i*l *»"« -* J J J ' • ••' l * L 

i : i f r . i r n l a! :( ! / ' i r £.><* rhr is"" " i -^ i>^r . i | i l ; i - -HM1>MSL 

( V i i n . ^ l v a i - u Cl-*>v ,S. 4 lu! Cnn .o r - i l i n i i ,ii*oil»rt*. 'W-iil-i ,»Inui>t 

c t< r iamh o o i u j i n ? i l i r ; i mj* :i i n . i j u r i n i . ' i ' l ' | , l l ' h l -

riui>kfi l f i i i - n i i t ' u l C'-H-i.iPration i;- f-i;iiH,,is f u r i l - po l sM i l f nk ' -

Ir.isrH ruh l ' i r l \n* t "uhi i i t r f i> . 

us * n-r 
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lJ*y~ lJfU jn wry he lp fu l JH d r U - r m i m n n t h r T n i r a l c h i ^ s , 

l-Na:t H | Pu:S: i M ^ ^ r u i - r r y t f r r C I ^ I H T H JrL* o&c*i (n C ^ S M J I Y ^ in**, NO l r e> 

a r c usaaLU *tn* -liuKir*|>-jioir.: ur^ i i r . ic ^ i lvvn lH o r si;lv*_s;; - l i x l i i n - ^ -

CiUSHJuwUi'r_sulv^!3tt* a l m o s t a l u a \ s cui^tai:; nitrohcn/-r;ii_ B u r snrase 

uUiur iiiU-o pn^l - ic t^ 

j i a c u r:t;ii:L^ JJSO u l ^ i c i t i ^ s for \ i a i u r i r r a ' - n u : ; ! of ten e r j i i a i n 

] p l u > u ^ O i ; i n i ^ u - i M M u > - l !>uul ly v e r y helpful hut p ^ s i h U nu^ l eud in j ? . 

I*r a*;iic:ill> a l l i m l u M r i a l u r u i l u c t s a r e t u r r e t f o r m u l a t i o n s p u r | j o s ^ l \ riorum^ 

in ^I>JJH w:iv lu tliS(!Uini j \\w 111 EIjor c o n s t i t u e n t s antl a c t i v e i n g r e d i e n t s 

a p r h v s i o a J s t a t r i s t h e m o s t e a s i l > nuii 'ri phy^Lciil c h a r a c t e r i s t i c s timl 

o n r Lir tfufc moM il i lTuii l t tn m a s k , ft m u s t he r emcnih iM'od , h u u e v e e , 

t ha t an e m u l s i f y i n g \Mt l in j i ± o r n•--1 iiiIJJ a^cn t e^m a h r r Liu- p h y s i c a l 

s l a t e f r o m an LIIHILLM U>lc In a m i s c i h l e lhlul i l , f rom ;J S u s p e n s i o n tn 

a i nlUni! l n r fr-oiti a lnj iml 10 a soHiL 

K t \ i L i r i> OHLI r . i r e l •• *^ Hlpfol, Ma*** : -u i : : i Ja t Lu iv r> vise cuUir i i ik a g e n t s 

a s :ii--|i-jiHL-n <ml\ i L*i s a c v e s s r u l : > p T h e v e r s e a ^ u u e t i v e f l j o r r - s c c n i 

j i^cun nf f luorfM-f i t i i-*» e v i d e n t Ln a ir.iiLiilu'lr nf pr twhic i^ f ro^i h o u s e -

In^:! Ii-|uiil i i e t c c ^ i n t ^ U> i n d u s t r i a l l eah i i c t u e i u r ^ In n u n c of t h e s e 

jmwl t : e t s is f l u o r e s c e i n of a n \ functitHial OStL i vha l rve r* 

i-p ^nn-Ll c a r n f ' e n l e a d t o an l m m c O i a t c i^irac jUi lnemenl for t h e nn=ior 

c ^ , ^ n o n c n L A s u l f u r - 1 <an t a m i n g m. i i e i i aL often, > m e t i s l ike H ^S 

t r o l l i t i ej;u:- o r hi )., (a h u n i t m a t c h ) . A m i n e s z-ancll fi^iiy, i ^ i n ^ 

a n d h i g h e r ke lo i i c s f r u i t s , am! a l t l c h w l c s n u w t \ . 

ufc O t h e r pli> M e a l c h a r a c t e r i s t i c s s u c h a s U e n s i U , n ic lUui ; ami hu l l ing 

[HiLii ail i m i c \ i>f r e f r a c t i o n s h o u l d not In* i l e t e r t m n c i l at t h i s point 

i m l i ^ v a > p e e i f u t o m p o t t t i d i s a l r e a i k highly ^L^s|^LhLn. 

C"JjfTi-u^ii C^iaiMc!t -r*i>tii '^; n i c s v a i v (la- wutyt ML'ffi/irani | i r t f | i e r t i ^ s 

v 11 MI:LI; lIn- n u ^ l u^^ hlul ^ a l a . T h e sii i | jh f e n u ^ l Hii j ior lant Uu-lor In 

i ^I[IMI!I v Lti m.*l>/ui|^ a i^MiirTaiTria] j)J ^chn 1 u*r \l> t i m > t i l u r n t ^ i s In 

.ipHi i ^ h a >tt-|i hs ^ * p t l̂ s |in^'VVi-iM«: :i\-:s- Ha j ^i;^ |*Ic l^i i h r :n*irt-

\ •>*'* j - ! • • \ *i _-l^ u- a > t-,iiiii-^t*il fiisliiiHi* \«ai ^ S lit"11 ^i l i r i r ^ ^ *-[-i i-ar 

1^* r-it ^I ' I ^ 1 n:h I n r i i r ^ m U ' am! m m ^.jnit , ju . ih l .*uu^ J H - H : > t=i>, 

*r i:- ii • .,•:= in - = i-t:-i n h i i r v r f flaiM : ll li : u n = - > iHV»pleU i" ± '-'nils 

tfc \ ^ - : . . I M ^ m- fts.ir* is; -t fl-*": | %

p -i i- a I \\ -i-\ yhtrii-iM\ ni'L'-iiui^ 

If _.Y* H h i * ^ H F I J p »-;• . i ^ i^ v. in .^ 1̂  ,,^t | i i i- . . i i l \ Dit'riM'-u", 

I H i , , hlHn] . -I * IJH t l - i " ' , i ] i ' , i ' J n ^ a " | i l t - !•( - H i . L ' a U t a ^ \ > %̂ L J U I . 
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1>. Su l i ibs l iU ; ' i ' lujuil l Ms is - t r i c l K spe.iki- ig a phys ica l « h ^ r j t i r n s t i c , 

iL ia a J IJ I IM : ielpf '~ ' lu -a tur uf ckv i i .u a l (.oi::pd-i*.ion. T r j A J ' . L T , 

a lco i iu l , and pet ro l - ::: e l ne r *-s " i i uJ i cu tu r " so lvents . If It is suluble 

sub-: ion i i c i t i and t! : basic to observe fo r p rec i p i t a t i on , J;JS i -vnlut iun, 

o r change in co lo r . 

e. Us i : i^ tin? ac id i f i ed j l u t i n n i r o n : thi- above '.est, a;id ;u one pnri iuL; i^n h 

drop 1 ". K M n O to s i :"ur reduc ing ^jj irnlK. 

d. T o another po r t i on add Ti drops ^ •, Kf - - s t a r c h t o les t f o r ox id iz ing 

ugents , 

c. Meta ls content and i r i t y : Use thy e m i s s i o n spec t rograph to de te rmine 

meta ls content of Si ids and l iciuids suspe-jted of conta in ing me ta l s . 

The spec t rog raph is a good fast t oo l f o r de te rm in ing m a j o r cur is t i tu lents 

me ta l s , A genera l l y weak spec t rum al lowing sod ium, c a l c i u m , a l u m i n u m , 

i r o n , and m a g n e s i u n in s m a l l o r t r ace quant i t ies ind icates an org.u j ie 

p r o d i c l , The p u r i l ' i f the compuurt ) in quest ion can he i n f e r r ed f ront 

the ;jbumiiif]cc of vi- ICTJIS. in s m a l l o r t r ace amounts, Mus i lu- lpfu l 

j ! - o the pi.u^pSorus =1 - o r o n l ir.es un i ch art- so weak l : u : i f the j si;ow 

ujj m nil O-uy ind ie »'. phosphate o r bora te in m a j o r amounts. 

-' Liquid_n_uri.ty and g „ t ionr Usv the gas chro : : :a togruph fo r r l e te rmtn -

i:;g t in- uumbi - r of c ..[.onuius m an o rgan ic l i c :u ; I . The resu l t i ng uas 

ekro: : ia ioc. ram not • ly :• " • IIL- number of Ion - : o - m e d i u m bo j lmg 

f r a c t i o n i;u;f>.*i\ a: ucc «ely, but can be ,-Jvod for fu tu re ipont i taUor . . 

Is is a lso wise to n e the .-diapo of the peak—a long ' t a i l " can \n-

i nd ica t i ve of ;i pe l . o r nonpolar compound depending upon tin.- co lumn 

used* 

g. Water content: Ad< p inch of anhydrous cupper su l fa te , sh. ike, and 

observe co lo r . I f : e r is p resen t , the white a n h \ d r i d e tu rns b lue. 

Of cou rse , a l l wal l so lu t ions r e . n t In th is way, but so a i l l W . I I I T in 

m i n o r amounts in t i;iinic m i x t u r e s . T h i s lest i s most he lpfu l in 

<ielenmnin<? amen.. I i ty to L i i i - r i n i r . i r e d a n a h s i s usinf* N:iC"l m i n i m i s . 

SL>K L L L UIM ^jiK-e .1 .ajbsl " ia l p e r c e n T ^ r of most cui i i i in r en i l p roducts i> t in ' 

so lvent , -I d e l a i h ' i ' ! I M - -n«< i> p" e^t ined here . 

Solvents v : i r \ wuteiv ":• in ^vnei".; I, U'.f f o L b ^ i n i ; ru les hold: 

1. The b i . n L r n i^b'eiil ue i | fh ! 'iK>i!j>:J^, kel tnie 1 - , -• I'-*: I - - . I I T > ,>I<-

-o lu l -h in v rMi i t . - .T f t 1 , " in « ' - ' i , ^11 of t in >>• V M i | I im-lh u:nL, 

i-:b\ b iti L"1M " I . -*:••• ^ 1 - n run > *»•> '•'" M-p^r. i t t ' i l l-\ -. i t a i \ i l i n t lf-i 

•-. NI. P I - v t l l i M i h - ,v 111! \ »l I I I --J S ' ^ ' 1. 
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I he **Hi-r in^iduhie uleuhuE^. i-ster."*, ketuin.-*, i tJic:">, ,uul m ^-Munitrc 

hsi lroiarlnHis .ire suluUi- in RC>"- H ^ I J (i l i l n-,1 t lHu . U S D , *.» ; I I U n i 

*il?> 11/1). ^ i HO-20 mlsSuri* p?f H SO .md II T O ;.':•. r> *.\iM'M:,tJli 

Uit> p\Htiv Holuli i l tty, Di lut ion iif the.- at t t l l ; i \* -r to i nr 4 iiitn-> itu< 

i irLf^'Ml vulvinit* ~̂L r i cJ addition uf Na SO , LMU.-E^> ; I ] ] U[ l l ius^ i~\rt<|jt 

\\w xuiviaiur;itot\ hydrocurhuws u i coi^v: «u\ uf t^>\uvv»^ wil l* t*iil«'V 

AroHHUit hviln^carboriN a n / almost iiiHolubliu ui 1H)"I- JIBfSU * but ihu 

livdrLKMrlHins ami lialo^ciia*^*! aliphatic h-vdrocarbiKis a r t iiLSuLublu 

in HlJ's J f S4"* Trichloroc:iM%Khnr tind [ ivrc l i l - i ru i ln Lvnu, trvcu il imj^h 

ihuv arc dcjiiblL'-huihJvtJj art* not ^niubU: in BD**J II SO , 

Aromat ic hydruearbons and halo(•*-"'iated arnmatlc hydrucaihori:* ^ire 

solubk- in fumiutf H./iO (:iO'H:ir- f ree SO ). 

The al iphat ic hydrocarbons and hulogmMilcri aLiplKilir hydrocarbons 

ar ' j Insoluble in fuming M.̂ SO unless they are highly branched. 

T r i cMo ro t t hy l r ne iititl perrMorcthytene are slowly soluble i:i 

fuming H.,SO , 

'Hit 1 r e f r a c t i w intercept, calculated by taking one-hair i l ie special 

gravi ty f rum the re f ract ive index gives an indication of the t>pe of 

hvdri'Carbun present. The value of the re f ract ive intercept is »ibuut 

J-0640 lor a l l ct f t iu iou uromaUc bydro t j rbona and 1.P4GQ f o r ; i l l 

chain al iphatic hydrocarbons. The cycl ic al iphatic hydrocarbons 

have a ref ract ive intercept close to 1.0-100, 

A low re f ract ive intercept indicate;; a greater specif ic gravil.t 

compared to the re f ract ive index. This vulue cannot b" useu 

10 identify types of solvents nther than hydrocarbons, since ihr 

value var ies ror each alcohol, ketone, e^ter, ami halUED.iatcd 

hydrocarbon. 

The t'iKjjL-rsion jjives an indication of the presence of aromatic 

hydrocarbon.*. The value on The scale {Z value) of ll:e Abbe 

re f rac tumc ier , manufactured by Haunch ami L.umb, is around 

2'A o r 2-1 for aromat ic hydrotfarhons. whorLMs uthcr solvenls 

usually pivi? 17, 1HB or IT, On ihe 'Aviss . \h le- tvpe rerraclo ineter , 

;he arumatie hvdrotarbons \>ivu a reading of about Ki and other 

solvents:* nad i i iK of aboui 41. 

\ io in : * l i i L l»^.iJroC^rbinw iiave .i >j*i ' i r l f ic i*riii'it> cio^e 1 " 0»H" :n»l 

a ri ' frucUv*- imU:\ close t<i l.M>, 
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ANU.YSIS 

U'lu'ii stojni u:£(ilhitio;< is nccfKSir., l\-.t- WJUT la>tr ;ir -I solvent ia>er J I T M p^raii-d. 

Tin- i i-r:ile U-J.1 for jkoholh {ikheriheii lali-r) i> rui tin ihi? water l-ivt-'t. If this lest if positive 

i-.nd inclh:iriu i* thought to in: pres~entathc U w r shuuld hi- tcrtlcd for im-lhjiir;! a*; di-scnhet! later 

uiich-r 'JVsi for Mollis ml," 

Ur> other components usually found Lti solvents ean be separated from the water layi-r 

liy saturaunu the water with NaUU or Nat'l. 

An> solvent recovered from the water layer is added to the solvent layer and the c<mihiric-:i 

solvent drieti thoroughly h} adding nnhydrous Nil SO und allowing the solvi nt to stand overnight. 

Drying is necessary, since mam : olvenls form .t/eotro|a'H with tt<30* ur tin- water which distills 

OVIT ib sLoluMe i» some i>J the cuin/mnu'l/i, thereby c]ian^ni£ Hit* con&ianis. 

Solvents which tfo nut require sleam distillation aru also «irU'«l owr anhydrous Na.fSO , 

One I-Hin'ii'i'c! ml or itiorr of the dr\ solvents in distilled through .> ^HK! fractionating 

column, A rycuni i* kepi of the lemner.rture at which the hvlvetit Mart?* iu com*- *JV*.T i*Jiti u/ l);e 

temperature when i ml, 2 nil, etc„ nrt» collected. Thene data are uned to construct a graph uf 

temperature VLM.MIS cumulative v^U-me. Thi« in vu indicates the boiling point of comuuiienlt. 

since, at those hoding point^» the volume increases without a corresponding increase in tempi-j ., 

lure. If the p L[ik is drawn as the- distillation proceeds, the fractions Tan he chosen so that IMCII 

component is represented by a fraction. Of eourse, there will also he fractions which are between 

the steps and are mixtures of components. 

Sufficient fractions should he collected so th.*i the ciunj;c in constants from reaction to 

fraction can he evaluated. 

In .uiduiwi to these d.iia, it is helpful to havr as much <?ulj as possible rei tla- origin,i] 

solvent. J IK- following s>stem will give urjch information which cannot in- <iht,iirted from <UMILL;IU<ITI. 

ni'ti-rniine S]>ectfie gravity, 7. value, and rcfr-n^ivt- irult*\ mi tl"-J original solvent, 

\dt) L'tl n;l of the original Ui J 2:»-itil graduatr, and add 2,U ml oJ H / J and mi\ thurrnj^hhi 

read tin- aim'imi **f Kulvent which ;s soluble ».nd raleulnte '-• MiLubitil\. J,ikr tin- eonstauLs l^iii ific 

gravlT>, / . v.i)ne# .imi refractive index) nf thv su|ieni.iljnt Onsolublr j-oi-tioi;). T-iloulaTe tin1 

ron>tJtit^ on ihv siiliuli* uiirlion. \-'ur niMjiiCiv 

^1", i*r« oncinul j ("- t n s o l . ) ( s | ' . i^r. in>*»l,) i - ^ol» J t s | j , ^ i . - ui . ) 

U T 



MM- MiLvi'iiih wlm-h aru ^aMipLutuly i.-\tr;icU.fcU b\ this piooi;dure ihr ludu sin-tune, Tnelbannip 

t'XU\\ .ai nhtil J ami both ri- ami iaoprupyl alcohol. Any of ilie+su, O M I pt meUiiiiiol, INUI, be rucovereti 

- o l v i n i M i l 1.^ d iMi l led f r inu N j l ) H i U£bi£ Si>nrimirro methods* The d is t i l la te , in mu>t cases, ban 

i -^ i^ i . i i iN n*r% r l^-u* ii> i)u fc i-iH)Sloirts <si tin* pnre ri>niponeht. 

Hi f c-ui**s t l iu sulvL-uis uh ich iii-i* i i : f i i ! i i(*iv soluble in uaiL-r, there ai'u stjint- Uke t*th> 1 

- t i - i . ih t tw\\\ alr t i luj i* ;unl n*i:th>l elhvj ItCtCK L* u^ich c^n bt: [Mr l ia l l y u^trncled with water, Vuki: 

lUii (cil \\ ah w,iter and m i \ UioruUf<liLy. DeU rnuue the >OIU!JLUL\ fc*juJ u^:r\ l(-rh to T- ^olubiUl> i-: 

("u tfuOMiisol.) tin 1st us l ru r t ion = E'u solubi l i ty u t v n n s of the or ig ina l . 

Take ihe eo i i ^ums on llu* st ipem^lanl imd calculate tho rmibUmls on the Soluble por t ion. 

U you wi>.li f ;iiu v^aur ±a>cr C;MI he sepaiaLed *u;ii saturated with V i C l It" sa i l nut ihc Fofuldv s o l v i t * 

j f tb.iti i_ ^ C L ^ ihe recovered j=ulvorA can yo t i r i cd aver uti tudrui i i i Na **0 „ and constant* iakun, or 

ih l ; i ikalej i . i l car. be OLSLi.ail. 

U is wel l 10 rcmcii iLier (U«l the r fcove.-ei ; solvent is oi:l> part of ihu* which is preset:;. 

The ruina i de r w i l l be ent i rely soluble in UO^ ll,.SO or :\n tlU-lQ m ix ture of H-,** 0 , i l [ l c l l l i ' ' u i 

The supernatant ff-orn i f^O ox i r t f t t io j i iu removed nn<i placed in nticlhvr graduate. A<W 

an equal volume «r H0;'u U^SU, or an UO-20 U SO -11 PO n i ix iu rc . ( T h ^ lat ter niuscK less 

l^VUrolysis u l es tyrs , »D t l iui by di lut ing tho »>cii! layer to ;* or ^ voluint'S ami si i tural inf i with 

Xa fiO i\w «fi(ers CJ I I l»e rcco\-ered J|*w>p wjij» ihu other cun\pvucnls F t scep : unsatuiMd-fi hyrfro* 

c^Hjoi is. unthanguri.) Mix t l iu acul ^ntJ solvent tH<irou|;lil>M anil det^rnii iv? ~» so lub i l i ty . Calculate 

*\\M "* [his is of the o r i ^ i n j l . 

<". -iiil.JlT* M; I !LT IEISQI.'- ? "*".* in t i -rnis of iho or ip i iu i ! , 

T-vke the consiiints oi. the st.pernalaiU imsolublc in ((f l" H^SC^ or fl0-2a H.^U -l i . jCO^J 

aiul calculate tho con stunts on the soluble pu r l ion. 

If i h f solvent contains turpentine, ' h i ' acii l layer wiIJ hi- re<L Ks i i rs pivi- ji\ or.inj-e color k 

\ leohols ,im) ketones usually cive only a very l i ^h i yel low. 

I t esters art- present, this is uui i f . iuv l b> u higher c: i lcu(j le ' f sp^eif ie (*r.ivit> than tin-

si»t*ciiu- pravily of a l e^ l ' fU ami ketones. 

\ * ! l 
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IIit- fiurlmii m*<duble in NÔ u II Si) ih rt'Covi'rt'ci .iin! plai i-d in a j;r.t4kuili , ,HK! IY H I-

;is mm It fuming U SU (UO-:j ;rf* f ree SO ) ta added. T h i s is ca ru fu lh and t h i r n u ^ h h iiLiv'd. 1 hi« 
,J" Mjlii3nlit\ i* (li'UrininL'tl. Ca lcu la te what th i s r e p r e s e n t s in t e r n i i at "'<• of tin** origin, , I . J ik<-

Tliu runMani:-. tut (he por t iuu wlucli is in^olulile i " fuming l l . ^ U tmuM be pi|ji-tt<-n b \ i-m-uuni 

because iff lilt* filming Il.jSO >, 

The soluble por t ion is an a r o m a t i c o r haloi><'H;ited a r o m a t i c hyd roca rbon , .>ntJ ll. •• 

r e m a i n d e r n m s k i s oj aliphatit- hsdrora rbon . s o r haloyonatei i a l ipha t ic h\ <hroc:irbons b 

J'.irt of ihi* ui i tf inal solvent o r p a r t s of !'»'' f rac t ions from dAStillaliun t >m hr UM'II 1I> 

l e s t for L'MIM'S, k e tones , a l coho l s , and haloj;onau."£l h y d r o c a r b o n s . (If slt-^ni - d j s n l l i d , ih<- ..at< r 

l ; i \ e r A'll) liavc lo be checked for methanol . ) 

[F l u s t for Misc ib i l i t j 

APPARATUS 

Gradi;V.t<d cyl ir .d^r^, ^"i-n I, ^ U s s ^ ' .uppereo 

1'iliL-iU1?., lO-inl , v o l u m e t r i c 

KKACUNTS 

HytlrcK-l.lurir ac id , cane . 

Sulfuric ;>cjd 1*10"; vol J 

Dinir 'Jiyl su l fa te (Caution: KVL'P off Fk::i.) 

ANALYTICAL PHUCKHURK 

1. 1'ipvlU- 10-mi .liimple inio d ry , t a r e d , ^raduii ted c U i n d c r . UrLr> a:u: 

ca l cu la t e speci f ic j : r ; iv iH, 

2. Ai' i i 1ft mj water and mix j * rnL l \ . 

a. C o m p l e t e misc ib i l i ty r \ c lu i f r^ : 

< U S a t u r a t e d *I(IM(IJIIC J u d r o c j r b a n - i 

(21 A r o m a i i r hyjlrnoiirbtms 

(1) Halo^enaK'd, ".ituiMli'd a l ipha t i c o r . i rom.i ln I I \ I1I luMiiuiiif-

(41 U r c a m c acnl> 

(a) \W,Aly JCLdic compounds , such a s : 

(a) Pheno l s 



(•.-) \ i i i | i u i , 1 4 ' K l S 

Ui) N t :uU\ i l rum|<<iun<ls 

1 \ d i ! ]<i MLL >o lvv i i l To 10 m l v c m t \ tli'X ( o r J M ^ M ^ S O J . [ M I \ tfeml\ 

l>\ ni\-*'i f m*; s w < T i i l I U T K % > , I - f l s e t l i t ' , iioti* v u l i m : _ > d 

si, ( \>ii i[Plvtc i i , i i - t ; i l " ih l \ t u c l u t l c i i : 

14) K y i u n o K 

{ "*) L T i i£ ; ) l i i ra (ud r o n i | i c u m l s 

**0 W i s d r i d c s 

(TJ l i ' l u - r s 

i*. l*iKT»p)i-Trl\ insi j lul^W 

I \) S i i l l i r a i i r d a!ipl :^T|(- :iml - irf t i i .atLr h } t ! r i j e J r l * j i : £ 

U I I k u i ^ r E M U ' i l Si i ! ;u \ in*i l - i l l , m ! i i r uitd ; i r omu lLC !i> d m L U rltunrf 

I \ i l i | p tMi i l iu i» . s : \ p I D - m l ^ i s n i i k * t u 1U :^i] diiv»t f eMM Pii!|thiili> in ^ t m J i ^ i o t : r y l i ; : t x * r ; 

M n f i | n T fiisd i:ivi*ri s r v ^ i \ i l l i l i e s [vwi i rh f u r ( i r t s s u r c w h u n r u l i o v i n y j ? ; u f i p c r ) # 

> i ^ h | ^ i l i t \ j?- H u; : : ; d r \ !M tin* , i n u i M l U ri»"ti/:i:_ If, hu ivL*te i \ tliL* Kr>1 ilHi 1 it ^ i*Kf r e u s JTi \ :ijLut^ J i t 1 

^ui f c}>Li- Ai'i u r a t e + \ "A n.h; l u ^ K i n r , h e n / u r n : , •*•" [ a f c l ro i i ? ;mi o i l i e r iiml rej>*M! t 

f \ J . C l I .A I I O N S K U l i \ U S C H I 1 M I V 

„ , HHi v ( v o l . u r i j i - v o l , f i n a l ) 
- j T H s n l u l i t v : — — °. — 

Ih I fSt for IhiluccnJted |[ydr<ic:irlja>i* L*>m£ ihi/ Hcilstuin Tosi 

I- rn f c |Kiro .* Mil**it ecjpi-iT -MM 1, sup|joru-d ui a nl:is> lulling hnndk-, 

\LTfc: o >m.ill loop ,il UiV n:<i, 

J, Hi .*? t!io virr imUl m:i* i \i-llmi fl-um- i-M^ls* Ho JKJI ;ru*h -\ in.-; 

C\vi| \s ir\% Lmip, Ujp inlo >*implt\ t 

i, lit ^t 1; :lu- * d ^ tif "In fKinn, .1 £roi-si i-ulur iiidic*itt-* *i luUiiirri. 
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HI- Determination of Aromatic Content by Itefraclive 
Index ami Dispersion Measurement 

!feff• 'ciometcr t Ahbe type 

Cr:>]th pa\ier, rucianguJar 

REAGENTS 

Purp_bcnzene 

f J ure iEoocianp (2,Z,-| Iriniet 'iyipeniane} 

Standards, 20"*, -JDTJ, 60%, HOTs mixture (b> volume) of benzene in ihooriane 

ANALYTICAL IMtGCEDUllE 

1. Determine bide* or refraction and dispers ion values, using t in 

re f rac tomeler , for the s tandards and unknown sample, 

- . ['lot imUix versus f? urumai tc . 

3. Determine specific dispers ion using the re f rac lomctcr nomograph 
jr.d density of samples . 

4« r io t specific dispersion. 

S, Compute the a romat ic composition of unknown, using the two graphs. 

IV. Determination of Mcthvl Ketones 

Ai'l 'ARATLS 

Spot plate, while 

KE AGENTS 

Aci*lo;ic 

Sample sc-1 vent 

ifodigni mtropfuMsido, 5% 

Sodium hydrosidc, jiOT) 

Actj i r acid, glacial 

1 a 



* \ \ \ i i ( \ i . i " i [ i n ' l j i i J U : 

1 P i r . t i i .-| in( | J , M r Lk' | i | ' -^.- i4iM?- v «idd I d m i i i '. ^ndu i l i L J J U I J O | I L u ^ i d i 1 * 1 

>h 4 if i Mi , N . iO I I l o J d r o p i>l .iH^ut-im.^ <ir , iU u h u l i r > i t n i | i U - sin.d t n ^ 

t, \ \nu }Air t crl-c > J" i i n ! u * i t i * j * I h r i i r u f i L ' t i i s * i P T ri j n r l h \ I k M i s r n F 

V . n i - t i - r m i i u i t u m HJ! C M r r s 

JI I : M ; I P \ I> 

I h U r u w L i E i i u h \ ^ ; i t u i \ i l i f c * l M r u h o l i r s u l u t LUM 

I ' l i l ^ M u m h \ i l i \ j \ U i i - \ ^ d l u r a t u i l i i l r o h u l i r M i h i t i u i i 
— - * F 

* • 

I K d r i ^ r h l o r n . i r i i t ( t l t i \ > D i l u n - U m l M C I t u 1UU m l 

K i - r r i * . - - r l i l i i r u J r t i < i i J l i u n i l J - I h ^ - i - l v i - L i ; h r r u t ! : l o n r ! W i n : ) <- I l i ^ O . 

M ' I ' M i V M S 

C r u c i l i ! * - , j i_nr* ^ L u i i * - U - m l I O L U T I K ' 

\ I I I T O J n u ' i u r * j j i H c ^ l a m I r u t n ^ k * 

l l m ^ s t . m i l f u r i i * M i i u L i h ? -u j i jn* r i 

\\\) v ncu. niniKpi HI: 

1 . I I M : : r - f c | i t i l " ••!"* y i i k r - i m i i m *i t : - I U - L ? ' L , t = hl n ; i - oru|p M l \.l\\ * I K ' l s u l 
I T 

• I , U " T | \ l ) H - i - ' u l i ' i ! : . I I i M t U M l l l iU l j l t l |JlLh l i l ' i lMl,-*, 

I* . • ,» : , . ! , :< ! 1 i :^ i> \\C\ ' 1 i l m ; i 1YL I . 

i . ! , i ^ . i r i i ] , , j [ a m t W t - l . i U ' , .n i t ! 1 i!ro|» M l / 1 1 1 * l l t ' i - L i l r o | i K O I I ; I M . I 1 . 

1 " u o l , ,H|J I i l r u | i I U ' l * 1 i9 n i-|» 1 V ( 1 m \tf\tr c o l o r f o r i b4i:Ti|t,Lri>ora i\ L I I I 
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IIL U J L M S 

CVr ic ni t r j i t i -_r t ; i igrnl - ULssuIv^ !>0 j ; e u r i c U 'n inun iun i niUMtc in 

±i:> EMI xwirui 2X IIMO -

\ N - \ ] ^ n C A L P K O C h m - R U 

1 ¥ IVj ^ m l til a q u e o u s su lu l iDn [iT unknown in i\ t e s t l u W , .LEII! 0frT> nil 

c v r i r m t r ^ U 1 i k L ^ i h n i t SbitkL\ 

-.•:! | : \ i l r i i x \ *il*Juhv;li-> *i.-c ^ o U s m ^ th:i s. cOi.:^Ln I.JJ a n i v U--i:. }V* imt-inr.: 
• • _ • 

:L :U: I I^ , l:u* . ^ I U U C I J f x i ' i ^ s f rnu ; a hr i i : : : : \ollfiA Its -in ln-r , ' < U O A -

; j r i h c : [ > i i : i i L \ ) 

V!L I>i U T - - : : ; . : l U J i : of \_ i l : : ^ r" • >l 

IU:A(.U:K I> 

r o l a s s i u n a pirni:mr?:in:U<: j f u ^ u r i t - U i s s o l v u I ^ KM NO in I -"• in L H Y^ 11 1 p O ; 

combiituc) with !1:J m l i l i s t i l l c l w ; i i r i \ 

<K-j | ic *K id ruiLguiil - D i s s o l v e Ji ^ o \ ; i l i c a c i d in I OH ml L: I II ^Si) 

S r h i f f s r i b ^ ^ i b n [ p m o d i f i e d - \ dd 0 .2 j? of fut 'h^in l o 120 tn l nf hoi w a l c r , c o o l t 

:)dil ;i sohkLion of 2 j ; i m h w l r o i i s . ^ d i n m h i s u l f i l r in 2(\ in] of U M I L T , M I \ 

i h u r m i ^ h U i Ailt 1 t o m i M i i r r 2 ml r o n r , l i \ d r o r h l o r u ^ciU; (iihih* l o J0(i nil 

u iih w;i loi \ S lo r t b in ^ u c l l ' s t o |> |p i h r i i | b r o w n hot t i t 1 in tin- i v f r l | V i \ i t o i \ 

| | .tn^ r t h >ii lual c o l o r rvmaLii.1* in I h r r c M ^ r n l , r e m o v e h \ | J J S - * I I ^ -I M n *JIP 

o | Si* j ihjoiL^L llu- i^r;*^ihin fc 

>l,Ui<Mrd i r . r lhuiml s o l u t i o n - I-tiu* I "* !•* - ^ 0 1 ^ i f i oi . * ^ U ; ! 

A , i ; i r (I :i L i .-rj iwili 'ni : o ^ i^ f H i >UK 
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\ . \ \ l V J H A J . l ' J«K"KU (K 

] , I D 5m J i>: tukiiutvn ( j ( ju t 'yu^) in :> 2b* nil j ; i r ,nUi: iK r ' l c> i i i i i l r r , JilU 

U.J.i j t : l , -*L - ik-unul , : : : is , ^ii:J *itii! 12 SJI. KMJSU, r t ' i i ^ i . l . 

I I . \ l i u w ;<J ! f u r 1U j?:inutvE. 

It. IJi-ixiL J . ' I . so lu t ion v.'ilh 2 n:J oxu l i c , icui ; JJ ;CI : : . 

J. / n j u , :!iJ -Miff's re; i f i r : ; - ; : : I 1 N -nit: u l iuA Vo set f o r j r i - hu i . : \ rti-.u: 

/ i , I 'm iip3.ro i l l i ,it;m<lar<] CM,,OM (1-2.0 mu), U uiiU'tl 11»; f iicsu- 'V_v 

l irul ;i[ I h i : . i ime U J H L \ 

l i* A v io let i *v indicates, methunuh 

T. [ f r o l o r i? tau mtei]Se p d i lu te e n t i r e sumpU* to 1UU m l w i th -AHler, 
and TL'LUI ah i . 

I ns t rumen ta l an ^ is i ind ter lmit iooK havt* h r r o t r n : ex t re tne lv he lp fu l in ^ rod in i i d e n t i f i -

['-itiiHip Thi* fo l low ing Kit ind icates a poss ih le appr tH i rh , 

[ \ IK* 

CJrc-ii i ir l i i i ' cd 

Organic solid 

Ino rgan ic l n juu -

m o r o n i c * o l i d 

Glues* emu ls ion , ^( jap^, e U \ 

t i . i ^ <-!23'CPII , iU»i;rri: i; i H

M i i - f : \ i i + i ^ an . i ^su^ <i\ G*C\ 
f i - i i cUu :^ , f r^ t tn- :a : i i d i - ^ i i i aU t i t i , :it : = M : \ ( 

r c f r u t l i v r index, i : : f i \ i r t : i *=pial>M.- uf f i a c l k u i ^ -

K l l r pe l le t i - i r a t e d , 3o\lih-L i M r . i f i i w i , o r ^ i i n c 
r f J iLhL i luu i c h c ^ r , u iar f j^n ic c u l i m s ;*nd ;inion±= 

SpCrl r i tc tMph - ; I ; I :C: : • •/.niita* u e sel i i ' ine, ;i lo:nic 

Solvent e x t r a c t i o n , uas ehron i i i in j i r ^ j j l iY j i n f r a r e d 
ana lys i s , ^ I'M s tandard H I f t l nx l - . 

A f te r the a n a h L tff a p roduc t , i l i s some t imes of j;re;H value U> svnthes izo i l on the h^sis 

uf the de te rm ined roust it n l s . F o r examp le , a c o n m i e n c a l pain l solvent is found UP eunsis t nf 

l i ve components^ i .u h c i r i*mtiPi| i 2(1 hi* l o the to ta l n n v l u n ; LL s>nthet ie sample I-* r h- and the 

- u n c i v i l >pei 1 J ^ ut UM L on^ t i L i L P r . and sw i l lK - ^ • i - i p h ^ %u i t v .. pal i . i. .^nv p i i ^ ii>ki^i^ 

t iml i-U-r lei l componenl o r ^ns v a r i a t i u n in n u a n t d ^ I i v r r:i i i i»s w i l l h r l i n inedu^e l ^ n i i l rnK 

1 k 
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'AATEK miTErlMlNATlON I \ GASF-p, SULHJ-S, AMI UHUAMC SOLV^NIS 

A L ^ l i - t i 

tt ;»*fr in various samples is deU'r::i:r.ett IJV K J T I E^inC-cr '.I'.rutioi: us^i^ tjii; r r ' - n M u i , 

Si .i-;;ifsc Co:ji|i;my Auto-Aquairalar . 

Al'I*-.lCATiU\S AND LIMITATIONS 

Tin? K-n*l l - i s t h t r r t auent , ^uusinLin;; of ;< mix iur t of pyridine, sulphur dioxide, io:l:m-, 

.lEiii irtc'hai'^l r eae l s *vitii •i'aiLT to j=LvO J riyhiM.incL" L'hiirgi: tfiii1 *c* l!:e {JL|JO1.O UJliO'i effect 0:1 11.y 

LIIT;COIU\ The Aulo-Aquatrniur eOEitluclornelrie iilr.iUun eliminates, t r / o r s a( c<ilc\riimti-ic i>|H-

end |njinl,= , I'cruriih true eunMoui ciitl |J<iintis. and pe rmi t s lit ration of suspension or color oil 

A l ' l ' A K A I'US 

E ' r censio 1 i_Autg-_Aquatrajgr, follow iriJiiiuIacturerK setup procedures . 

(£^^i=.VrJ nGKi Hamilton No. 705, 0-0.0& ml 

»I-:AC;KNTS 

Kiij"l F i scher reji^eiit, IE irloco No. U7ti[> or equivalent 

Karl F i s che r water s tandard, 1 jntf U.^D/ml Harleco No. lB-IU or equivalent 

KJrl F i scher solvent mixture diluent, IJfirlucu Nu. :*7W» or equivalent. 

MyUianul t spcdruajialy/ .ed or equiva lent 

ANALY HCAL rnOCIiDUUK - UIUECT TlTIUTlOM Mt/Il lUU 

In the direct t i t rat ion monV, K;irl F i scher reagent is added automatically lo u moiMurc-

Uoiiris;^ sample until a mois tu re - f ree s ta te is reached. 

1- Set se lec tor to "direct adjust" ;md ailjust nieter to full sca le with 

'"Direct Adjust" kriiib. 

'£. S*< se lec tor 10 "Ui iccl Ti t ra t ion" -'ml s i i mc ic r low sui point flefl red neetUr) 

to li tn.im\ts. Sci nif t e r luyh set pi>ini triejii n-d i»iMleJ tci 1 5 ii-imps. 

:t, Sri "Ki:-! I'oinl linln" lu :(l) >c, mnls, 

4, 1'iU K^irl F i scher LureUe, 



j . l'our -a ml methanol solution in The reaction vcs^f] ait as to cover the-

electrode tip. 

G« Turn on stirrer and stir slowly. 

7. Add enough Karl Fischer reagent until a dark brown color is reached. 

U. Inject 51) Ml of water so either J yellow color appears or the current drops. 

Stopper ihe opening and racuom-pur^e the vessel with lf:c pump swiu-h 

provided. 

lK " i."ss ' s U r t " button and a l low unit to t i t r a t e to the i-nd point . 

1Q. The system, i s now ready Cor c a l i b r a t i o n (stop 111 o r running of a c t u a l 

s a m p l e s , ( s tep 12). 

LL. F o r caUb«ro-Uonk the following me thod Is followed, 

a. A microliter syringe U n\ - \ TNJ*J is weigheo before ana after 

wa^ur introduction ir.tc sample vessel for the actual weight 

of waiter dispensed. 

b. Tlit' solution is titrated with Karl Fischer reagent and the 

volume recorded. 
. , . ._,. , . . . mj" water introduced 

c. Karl Fischer titer = —^ - • — — — 
volume of KF reagent 

12* t\ weighed amount of sample *5 uHrodtceJ to Ihe reaction vessel and 

the solution is then titrated with Kurl Fischer reagent and the volume 

recorded. 

CALCULATION 

Sample weight - A mg. 

Tola! volume of KF reagent required to reach end pouil = B ssil 

n=e " 2 ° 
Kf titer = C —r^TT^- tlrom calibration step} 

- ml KF 

So nig water in sample =• B x C ^ U 

rj water in sample = D s 100 

Reference 

L Operaim^ instruction Manual forj'recision Autp'Aguatrntor, i*rerL£ion 

Srienitfic fo., Chicago, Illinois, 197;?, 

1 . - • 



SECTION D 

CAUFUIATION O F RL 'LD T.NSTKLM^NT* 

A b s t r a c t 

In r e c e n t y e a r s a jarfie v a r i e t y of electronic- mtini tar ing i n s t r u m e n t s have been di'vcU-ped 

feir s r e j s u r i n g concen t r a t i ons of c h e m i c a l a i r Cuntjniir-aticn, T h e s e arc; s econda ry m e a s u r i n g 

UI-VJCCS that p o s s e s s many potent ia l s o u r c e s ol e r r o r and a s such m u s t i;e c a l i b r a t e d of;en. Thus 

t a c t i o n gives the ove ra l l p r o c e d u r e s for ca l ib ra t ion of the field i n s t r u m e n t s cu r ren t ly in USL-

a t S.inJiu L a b o r a t o r i e s . 

C - l i b r u U c n ot field in3trtrr.L-nV£ may \ie dvlu.ed a s \\w iioten*.i\r.ati©n ol i h t a c l j a l va lue s 

of iiiu *,cule r e a d i n g s of tha i p a r t i c u l a r i i t s i n i m e m . I n s t r u m e n t c a l i b r a t i o n i n r l u c e s t h r e e v a r i a b l e s : 

(a) i n s t r u m e n t r ead ing or Indicat ion; (bj quant i ty of contaminant in the a i r ; and (c) quant i ty of 

a i r s a m p l e d . T o c o r r e l a t e t h e s e f a c t o r s , a m i c r o c h e m i c a l Laboratory and ana ly t ica l c h e m i s t s a r c 

e s s e n t i a l s i n c e minute quan t i t i e s of c h e m i c a l s a r c Involved Ln the a n a l y s t s . 

Methods of p roduc ing known vapor concen t r a t i ons a r c ba tch o r s t a t i c s y s t e m s and dynaniiv 

o r cont inuous flow s y s t e m s . Most al l of the i n s t r u m e n t s used by the field g roup at Sandia L a b o r a ­

t o r i e s can be c a l i b r a t e d by the s i a l i c s y s t e m ho It will be the only une d i s c u s s e d h e r e . In s t a t i c 

s y s t e m s , ca l cu l a t ed a m o u n t s of tjas o r l iquid a r e in t roduced into a 5 - l i l c r g l a s s bo t t l e o r a Ji-lUer 

f lexible i n e r t p l a s t i c bug and Ib^n diVuVed vnth an vipproprla te amount uf cl«*in wiv. T h e i iwtt l uiiwn\ 

to he c a l i b r a t e d is then hooked up to the s y s t e m and Uie m e t e r r ead ing is noted. The ca lcu la t ions 

for p r e p a r a t i o n nf s t a t i c m i x t u r e s a r e b a s e d upon ihe E*erfect G:is Law, 

^ . . „ , . , . vol . of tes t ens in m i x t u r e in l i t e r s [•or gas c o n c e n t r a t i o n s , P l ' M - —~ - b , : ™ T T J * ID n * vnh of m i x t u r e ui l i t e r s 

(V ) IdensityJ ^ - ^ \ — x — x 10 
Kor vo la t i l e l iqu ids , I 'I 'M : - i ^ — ! H . - ^ i _ = _ ' . ^ _ ' _ _ 

vol. of cc i i t J ine r s ui l i t e r s 

G 

win* r e 

t : t e m p e r a t u r e in d e g i e e s ki-lvin 

1*- p r e s s u r e , t o r r 

i •< J , . , 



CALIBK-VliON" Ol' J-W MODEL GI'K COMBINED OXYGEN/ 
coMOTE'nfiKK H A S ns-rrKCTojt 

.IdiMS^n-Wllliauis I ' rodgcts , Bacharach Instrument Company, 2300 Leghorn Street 
Mountain View, California 34010, tSen kifjure 10} 

The ,-nrxk'l GI'K is a combined oxygen/ combustible gas indicating delect or . The oxvgen 

me te r n^d;* djrert ly in Ihe range 0-25To oxygen* The combustibles meter reads 0-1,0 of the lowt-r 

\-\i>:o*i\-c ii:n-.l (L. L.L.L 

\NALYTICAL rKOCHDUftE 

I- \\ nn iii^iirumcni off, pal tioili me te r pointers to z e ro on the sca les . 

i. Turn the function switch to the Volt Test position. The oxygen and 

combustible me te r s should both deflect upscale and the integral 

dimpling pump should eume on. 

'f. Wlow inslrunient to warm up for b minutes and thru pull upwards 

on U»' O.yyjjen Cjl ibr . r te knob iiml ijujust j n r l t r point r r lo inihc^i t 

~! ' uxygo-i on :ln: scale , 

-I, LVe liic Volt AiliusslKnob to set me te r pobiier on tlw eombuslibles 

s r j ^ \A: vlw grtcrc Arrow {' SvA VoUiigc M^rn \, 

',. i uin the Function Swiluh on tlie ON pusilion and use the ZKK(i 

WJJ L'ST to sol combustibles pointer lo z e ro on thy ic i ' l e . 

*>. L*ru|K*r^ ;i known amount of the ("as or vapor thai is lo be measured 

in Ihe s ta t ic s\ s tent . 

~. li-miec" Ihe slMic system lo the detector untl observe Ihe meti r 

'I, Uepeal for J or .1 different pas or vapor ci:icenlraUai-.s and p repa re 

t j l i b ra t lon curves . 

lt-1 
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Figure 10. Model GPK Combined Oxygen /Combust ible Gas Indicating Detector 



r A U U R A ' H O N O F J-W ^ O D E ! - 5 S - P SUPERSENSITIVE INDICATOR 

Johnsuu-Will iams Products , Bacharach inst ruments Company, 2300 Leghorn S t ree t t 

Mountain View, California 94040 (See Figure 11) 

1 hi? model SS-P is a portable instrument for measur ing combustible gas concentrat ions. 

Un i ts D-100D ]*PM sca le , it can m e a s u r e concentrat ions at o r below TLV l eve l s . Concentrations 

in the explosive* run^e car. be measured on t!ie 0-1,0 L .E.L, scale , 

ANALYTICAL PROCEDURE 

1, With instrument o£f, gel me te r pointer to z e ro on Uie sca le , 

2, Turn ins t rument on by turning se lec tor switch to VOLT CHK, The 

pump should s t a r t and the me te r will go upscale, giving an indication 

of bat tery voltage. 

\. Allow ins t rumem to warm up Tor ^ inimrtos anil tu rn se lector switch 

to EX PL position. Set me te r to zero by means of the EX PL ze ro 

adjust control . 

4. P r e p a r e a known amount of the £as or vapor that is to be measured 

in the s ta t ic sys tem. 

a. Connect the s ta t ic system to the detector and observe the me te r 

readings, 

G. Repeat for 2 or 3 different gas or vapor concentrations and p repa re 

u cal ibrat ion curve, 

7. For checking very lour concentrat ions, purge detector and r e se t z e ro 

carefully. More se lec tor su'ilc*' to PPM position and adjust to z e ro 

usuig PPM zero adjust control. 

B. Re|ieat s teps A, b, and G with low concentrat ions of gas or vapor *-o 

be tes ted . 



C i 
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Figure 11. SS-P Supersensitive Indicator 



CALIBRATION OF J-U ' S f - M I N U , [NDfC* TOR-ALARM 

,lcr!:::><i?;-\V;ll:u::is I 'rod-jcls, Bachlirach Instruments Cwnjiajr, , UiiOO Leghorn Struct, 
Mountain View, Cal i fornia U4040 

"J" h t -•Scnlir-tl I nd i ca to r -A la rm is a portable ins trjfTic.it for r^easuririE combust lb? - P J ^ 

cu.jct.'vJrjIv^'. 11 use* 3 di f fusive lj(JC of d e i w i o r , uJ>icJ> is cw^csed to tiio s^binni utmosirht-rt-. 

Ci»:iCLL::'r.iLiu;i in the explosive ranpe can be me^iurc t ! on the 0-1.0 L« ] ] . ] - , scale.1. The ser-Sinn 

I IL 'JI ! car he cpLTaivii ;it dLs'-anccE of up ID 1 ^ fee*, fror*. Uic 5c:: l inel, using ^ : extension Liiblc. It 

alsu contains a:: j l a r m c i rcu i t wl i ic i : activates an Audible w j r :ung when the- alar:.-: setting :s exCL-c-d^d, 

11. i ( M . 
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CAUmOTlON OK MSA POUTAhLfc CAUBON MONOXIDE INDICATOR 

Mine Safety Appliance Company, 201 North Braddork Ave., 
Pittsburgh, Pennsylvania 152Gfl (See Fiyuro 12) 

'I he MSA's Portable Indicator is a battery-powered instrument designed to mcuaurii 

carbon nienoxide in \hu atmosphere in a range of O-500 PPM by volume, li also come- with a 

buttery-upt.rated alarm unit, 

ANALYTICAL PKUClilJ"HK 

1. Willi instrument OTF, set meter pointer to zero on the scale, 

^ Tat-ti instrument lu OjV iiQailluti utttl aUaiv the instrument lo warmwt 

^ UiiMne, warmup, tuijiist ttw flowmirtcr to -t an Nil? si\ik\ 

-I. After ftsirmv't'i zvr\> the meter by adjusting zero coiam) ailh a 

Su.ili r-eT-y^driver, 

J, Dip-H ^ the sample inic*. valve fi-:i::B. -A: - :e Mine time, Midi-

TV- i;ie!cr UKLT lu tbo rich:, over ii:c- i-iK-i fining. Tin1 isieler cover 

J'nVdri U;c ;nict valve i:i SAMl'LC position, while ospusi::^ Lhe en:ire 

j'rt'K-i" scale rt'ii/y for f-'HftjjiJc m.J-::i raring 

(XOn^: llcatJjust ***e sample flowmeter, if r.eco^s^iry, lo kcej: the 
fiiiX control a". -1 on 'die scale.) 

G. Prepare ;i known amount of CO in '.he sialic system, 

", Ciimsut-l the static .-iyslem to the detec'.or and observe ".he ::ieier 

readme. 

•*• Hejje;ii 5or J D / 3 differ FM CO co»>cejj:rations and prej>-" re .i 

rahhr^ion curve. 

| i 



Co 

Figure 12, MSA Por tab le Carbon Monoxide Indicator 



CAHBltAl ION OF J-W MERCURY VAl'OR SNIFFER 

Jjj< hurach Instrument Company, &U5 Alphii >)nv \ KJDC Industrial f'jrfc, 
J'iltstmrgh, Pennsylvania (See Figure 13) 

The J-W Model MV-2 Mercury Vapor Sniffer is a dual-ranj;e ^ j r tuble instrument for the 

dtMectiun ami measurement of mercu ry vapor. The indicating meter is calibrated in 0- ] .D mjf/jn' 

and 0-0,? me/st:* . 

ANALYTICAL HiDCCDCRK 

1. With instrument OJ7F, set me te r pointer to zero on the scale . 

J. Turn conLrol knob to "V" position, 

3, Turn 'he "Ambient /Fi l te red Air" knob to the "F i l t e red Air" position. 

A. Turn cor.'.rol kimb to the "i.Q" position and allot-/ a 2-n:inu:c wnrni'J]: periud, 

5. Unlock the clutch on the "Ze ro Adjust" knot1 and adjust mc t? r pointer 

LD zero . I" so "Course Z e r o Adjust ' if the pointer will not adjust to ze ro . 

C, Turn "Ambient /Fi l te red Ai: - < 1 knob to "Ambient Air' position, 

7. T r e p a r c a known amount of mercury in the s ta t ic system. 

8. Connect the sialic system to the detector and obrerve the me te r readings, 

y. flc|KM( for 2 o r 3 different m&rvury concen t r a t i on ai.d prepare cal ibrat ion 

curves for bo:h n c t c r ranges . 

Kiput\ J.!. ,'-W M^ivl MY-_* Mi-rr-jr* Va^or smiWr 

l i - 1 7 - t 



<• u inn \ nos at-- fusrru MOOL'L iomAU u U.\K MUNITUH 

D.»M1>* t'orfiDMiuHi 3-2 i Xortlt W-niuftis JlouO, 
Ck'Mtak ' , Ca l i fumiu L'l203 (See Fitfu:-',.- 11) 

J lii' U J M L I I m u r i ; mon i to r continu(ji^l> m e a s u r e s the ozone concu-fUriiUcn in a i r at Pi*M 

n'vs:;> v.iiicJi raii In- roini J i r i ' i ' i ly an tin- front |>.uu.-l b*-_ a digits} r eadou t . 

ANALYTICAL I 'HUrnUL'rtt: 

t . Turn on |i(> . c f MVLICII asul l t i injjlrurr.tnt w a r n u p for 15 to 30 m i n u t e s , 

J . U ; H T . front par-fl i luor unci m o w JUNCTION switch to SPA_N, 

*. W r l f y :iui- *.hc d i sp layed mimher cur'-csjKir.ds to the n u m b e r whicii is 

HI-I in to itiL* Jour ALTO SPAN' S E T J;*V;[CJJI?S in the a c c e s s fiar-ci-

4. Jtt-iiirn i\w FUNCTION swi tch lo OI 'KR, 

,"*. C^lUiCaU1 i n s t r umen t li> p ru / i a r i n^ a known ozone conc^ntraUcj* ; ml 

obsi 'r-. 'hm the <liHpl±iycii n u m b t r . (A p r o c e d u r e for p r e p a r i n g n KHOWH 

runcPh t ru t ion Of ofcone is lt&lcii vn pafic IT**). 

> ii iun- M, P.*^il«i Minlrl 10LHAH U:(i:iv Mtcmyi-



CALIBRATION OF O/-ONK MlC'Pi'HS 
{Titrutiun Mctlnji!) 

Abstract. 

Uztciv i.s iibsorhvt) i/i fitAassivr.i ivikdL' ^nO tin- UKHJ}L' rol t 'ased Is litr-jifii n;tJ* Stanford 

>G^JU;II linos ulfate. 

M'l'AHATLS 

Midget bubbler, 10 nil volume, all glays (Figure 15) 

Ozone Generator , commerc ia l unit o r equivalent. (Figure IG) 

Mixing fliiah t 1-liter flask with two inlets and one outlet (Figure 15) 

Colic Clin f Bags, Saran P las t i c Bags - 1.5-li ter capacity 

Ai: -^if ter ing di?vjces, glass r o t a m e t e r s capable of measur ing a flow ol 
0 to 2 l i t e r s pe r minute, anil from 0-100 ml pur riitiute, 

KEAGLTNTS 

l'aia_si?iujii iodid^ solution (5~?> urepured fresh d';.iy 

St a rch inificaiur snluUun - Dissolves i g *.c ' Me s la rea in 100 mi of 

boiling ULstillti! water 

llydrogjU&ric. j c i j , 1;1 in di?liileti *.YJlcr 

Sodium tluosulfrtc (O.01N) - Dissolve 2.3 fi Na.,5,,0,, • 11,0 in 1 l i ter of 
dislillod winct\ SuruUrdi?^ u gainst [BJ o r K C r O r 

! l°t?^^ni^^Jl£w;i«i! lOt ° - , N . 5 U driud ( U 0 p c for 2 hours J K Cr^O 
dissolved in 1 l i tur of distil led water . 

wt K 9 C r , , 0 -
K = — — - — 

Double distjllL-M water, used for all r e g e n t s . To distil led water in an aJJ-

HUSK -ail] , aAil .i c rys ta l each f>f KMvO and IJ.i(OH) and redis t i l l . 



Air lupply I 

Air supply II 
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T 

Generator 

t" Ltotinvter 
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Figure 15. Schematic Of The Ozone Generation System 

ANALYTICAL PROCEDURE 

L Allow i>£onci meter to reach operating conditions (30 minutes). 

2m Set the voltage dial m czone meter to 00, Adjust air sujjplv I to 

read tiUO-DDD nil per minute ano air supply E to read 7Q-UG ml 

per minute. 

I, Set pot dial at 0 and allow 5 minutes for generator to reach 

operating condition. 

•L Collect a sample in 10 ml freshly prepared KI for 5 minutes, add 

teflon stirring bar, and place on magnetic stirrer. 

5. Add I ml LI EIC1 * I ml starch indicator. 

& F Titraiu with utandjrd thiosulfiiu* to :ho colorless end point. 

1 ml Q.ulN N a ^ O , , = 0,24 trig o^one. 

7. With generator settings unchanged, connect Saran bag to outlet and 

collect for 5 minutes, 

W. Usi- iiionv \n b^£ \o t^lvbralt oLone meter, 

'X Set jiot ojal from 1-D and reju-'at Steps 4 through 7. 

^T.\XI>MUTATION OF THIOSL'LFATE 

IliSKohri* b K Kl + A £ Niiliro^ in 300 ml 1I.,0; add slowly 1:1 MCI until no more 

CO is released. then add 10 ml excess 1:1 HCL Add Ah ml 0.1N K Cr..O. .tnd 

nii\ tlioroijjJiK, Adil stirring Kir unu |*1J*-V o*\ nupiriic slirrrr* With s t imuli 

* • * 



t i t r a t e with Ihtosulfate to a light yellow. Add 1 ml s ta rch Indicator and 
t i t r a t e until ihc blue is replaced with the pale color of C r C K . 

OTHER METHODS 

H. II, B o v c t < "Determination of T r a c e Concentration of Ozone by Use of 

P-Sodium Diphenylamine," I_n_d,_Hyfi. News Kept., 3, No. 7, July 1960. 

Measurement of Air Pollutants, Division of Air Pollution, U.S. Public 

Health Services , Publication No, 9 9 - A P - U , May 1D&5. 

J 7 5 - 1 7 1 P 



CALIBRATION OF DAVIS IIALIDE INSTRUMENT 

Scott Aviation-Da vie Ins t ruments , P .O. Box 751. Ri. 29 North, 
Char lo t t e sv i l l e Virginia 22D02 

The Davis Ualidc Meter is used for field detection and measurement of halogenated 

hydrocarbon!; in the o- to 5Q0-PPM range. 

ANALYTICAL PROCEDURE 

1. With instrument OFF, set me te r pointer to z e ro on the sca le . 

2. Turn AC switch to ON position and allow instrument to warmup for 

IS minu'.es. 

3. Adjust flow indicator to green or black line by means of "sample knob,' 

Alternately depress and r e l e a s e "Arc" s t a r t e r button If a r c has not 

s tar ted . 

4. Push "Key" down anil l u m Siller va\vc lo " T e s t / 1 

5. Turn DC switch to "ON" and adjust m c l c r pointer to zer^ using the 

"Ze ro Key Down" knob, 

6. Release "'Key" and adjust me te r pointer to z e ro by using the 

""Zero Key Up*1 knob. 

7. Turn filler valve to "Run. ' 

fl P r e p a r e a known amount of the gas or vapor that is to be measured In 

the s ta t ic sys tem, 

P. Connect ti.e Static system to the detector and ebscrve the me te r reading. 

10. Repeal for 2 or 3 different gas or vapor concentrations a:. J p repa re 
c a lib rat Ion curve . 



CALIBRATION 01 GA5TECH IIALIDE DETECTOk 

Johnson Instrument Division, Gaetech, Inc. , 2560 Wyandotte Street , 
Mountain View, California 94040 (See Figure 1G) 

The GasTcch Ilalide Detector is a portable instrument lor detection and measurement of 

aJj a i rborne halogen compounds, 

ANALYTICAL PROCEDURE 

1. With instrument O F F , set me te r pointer to z e ro or. the sca le . 

2. Put RANGE switch in the 10 position and turn Instrument ON. P r e s s 

SPARK ON button to s tar t Spark-

3. Adjust flowmeter to r eg i s t e r uithin the light band and let ins t rument 
warm up for 1 •> minutes. 

A. Inser t sampling line into charcoal filter on back of case and adjust 

me te r pointer to ae ro . Put range swi'.ch into 3 notation and then 

into 1 position, carefully adjusting ze ro each l ime, 

5. P r e p a r e a known amount of the gas or vapor that is to be measured 

in the s ta t ic Svslcm, 

G- Connect the sampling line to the static system and observe the 

m e t e r readings on each sca le . 

7. Repeat for 2 or 3 different gas or vapor concentrat ions and prepare 

cu l ibra lion curve. 

F i r v r r 1G* C.istcch Halidc Deier lor 


