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PREFACE

Thi s ser i es of manual s on t echni ques descr i bes met hods used by t he U. S. Geol ogi cal

Sur vey f or pl anni ng and execut i ng wat er - r esour ces i nvest i gat i ons . The mat er i al i s

gr ouped under maj or subj ect headi ngs cal l ed books and i s f ur t her subdi vi ded i nt o

sect i ons and chapt er s . Book 5 i s on l abor at or y anal yses. Sect i on A i s on wat er . The uni t

of publ i cat i on, t he chapt er , i s l i mi t ed t o a nar r ow f i el d of subj ect mat t er . " Met hods f or

t he Det er mi nat i on of Or gani c Subst ances i n Wat er and Fl uvi al Sedi ment s" i s t he t hi r d

chapt er t o be publ i shed under Sect i on A of Book 5 . The chapt er number i ncl udes t he

l et t er of t he sect i on .

Thi s manual was pr epar ed by many chemi st s and hydr ol ogi st s of t he U. S. Geol ogi cal

Sur vey and pr ovi des accur at e and pr eci se met hods f or t he anal ysi s of wat er ,

wat er - suspended- sedi ment mi xt ur es, and bot t om- mat er i al sampl es . Suppl ement s, t o be

pr epar ed as t he need ar i ses, wi l l be i ssued as t hey become avai l abl e.

Ref er ence t o t r ade names, commer ci al pr oduct s, manuf act ur er s, or di st r i but or s does

not const i t ut e endor sement by t he U. S. Geol ogi cal Sur vey or r ecommendat i on f or use .

Thi s manual i s a r evi si on of " Met hods f or Anal ysi s of Or gani c Subst ances i n Wat er "

by D. F . Goer l i t z and Eugene Br own ( U. S. Geol ogi cal Sur vey Techni ques of Wat er -

Resour ces I nvest i gat i ons, Book 5, Chapt er A3, 1972) .
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METHODS FOR THE DETERMI NATI ON OF

ORGANI C SUBSTANCES I N WATER

AND FLUVI AL SEDI MENTS

Abst r act

Thi s manual descr i bes anal yt i cal met hods used by t he U. S.

Geol ogi cal Sur vey t o det er mi ne or gani c subst ances i n wat er ,

wat er - suspended- sedi ment mi xt ur es, and bot t om mat er i al . Some

of t he anal yt i cal pr ocedur es yi el d det er mi nat i ons f or speci f i c com-

pounds, wher eas ot her s pr ovi de a measur e of t he quant i t y of

gr oups of compounds pr esent i n t he sampl e . Exampl es of t he f i r st

cat egor y ar e pr ocedur es f or t he or ganochl or i ne and or ganophos-

phat e i nsect i ci des, chl or ophenoxy aci d and t r i azi ne her bi ci des,

and speci f i c subst i t ut ed phenol s . Exampl es of t he second cat egor y

ar e t he var i ous or gani c car bon anal yses and t he pol ychl or i nat ed

bi phenyl met hods . The anal yt i cal met hods ar e pr esent ed i n a

st andar d f or mat ; t opi cs cover ed i ncl ude condi t i ons f or appl i cat i on

of t he met hod, a summar y of t he met hod, i nt er f er ences, r equi r ed

appar at us and r eagent s, anal yt i cal pr ocedur es, cal cul at i ons, r e-

por t i ng of r esul t s, and est i mat i on of pr eci si on.

I nt r oduct i on

The U. S. Depar t ment of t he I nt er i or has a basi c

r esponsi bi l i t y f or t he appr ai sal , conser vat i on, and

ef f i ci ent use of t he Nat i on' s nat ur al r esour ces- i n-

el udi ng wat er as a r esour ce as wel l as wat er i n-

vol ved i n t he use and devel opment of ot her r e-

sour ces . As one of sever al Depar t ment of I nt er i or

agenci es, t he U. S. Geol ogi cal Sur vey' s pr i mar y f unc-

t i on i n r el at i on t o wat er i s t o assess i t s avai l abi l i t y

and ut i l i t y as a nat i onal r esour ce f or al l uses. The

Geol ogi cal Sur vey' s r esponsi bi l i t y f or wat er appr ai s-

al i ncl udes not onl y assessment s of t he l ocat i on,

quant i t y, and avai l abi l i t y of wat er , but al so det er mi -

nat i ons of wat er qual i t y . I nher ent i n t hi s r esponsi bi l -

i t y i s a need f or ext ensi ve wat er - qual i t y st udi es r e-

Edi t ed by R. L . Wer shaw, M. J . Fi shman,

R. R. Gr abbe, and L . E. Lowe

l at ed t o t he physi cal , chemi cal , and bi ol ogi cal

adequacy of nat ur al and devel oped sur f ace- and

gr ound- wat er suppl i es . I ncl uded, al so, i s a need f or

suppor t i ng r esear ch t o i ncr ease t he ef f ect i veness of

t hese st udi es .

As par t of i t s mi ssi on, t he Geol ogi cal Sur vey i s

r esponsi bl e f or gener at i ng a l ar ge par t of t he wat er -

qual i t y dat a f or r i ver s, l akes, and gr ound wat er t hat

ar e used by pl anner s, devel oper s, wat er - qual i t y

manager s, and pol l ut i on- cont r ol agenci es . A hi gh

degr ee of r el i abi l i t y and st andar di zat i on of t hese

dat a i s par amount .

Thi s manual i s one chapt er i n a ser i es pr epar ed t o

document and make avai l abl e dat a- col l ect i on and

anal ysi s pr ocedur es used by t he Geol ogi cal Sur vey .

The ser i es descr i bes pr ocedur es f or pl anni ng and

execut i ng speci al i zed wor k i n wat er - r esour ces i nves-

t i gat i ons . The uni t of publ i cat i on, t he chapt er , i s

l i mi t ed t o a nar r ow f i el d . Thi s f or mat per mi t s f l exi -

bi l i t y i n r evi si on and publ i cat i on as t he need ar i ses .

For conveni ence, t he chapt er s on met hods of wat er -

qual i t y anal ysi s ar e gr ouped i nt o t he f ol l owi ng cat e-

gor i es : i nor gani c subst ances, mi nor el ement s by

emi ssi on spect r oscopy, or gani c subst ances, aquat i c

bi ol ogi cal and mi cr obi ol ogi cal sampl es, r adi oact i ve

subst ances, and qual i t y assur ance .

Pr ovi si onal dr af t s descr i bi ng new or r evi sed ana-

l yt i cal met hods ar e di st r i but ed t o f i el d of f i ces of t he

Geol ogi cal Sur vey f or t hei r use . These dr af t s ar e

subj ect t o r evi si on based on use or because of ad-

vancement i n knowl edge, t echni ques, or equi pment .

Af t er a met hod i s suf f i ci ent l y devel oped and con-

f i r med, i t i s descr i bed i n a suppl ement t o t he chapt er
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or i n a new edi t i on of t he chapt er , and t he publ i ca-
t i on i s avai l abl e f r om t he Super i nt endent of Docu-
ment s, U. S. Gover nment Pr i nt i ng Of f i ce, Washi ng-
t on, DC 20402 .

Pur pose

The pur pose of t hi s manual i s t o r ecor d and di s-
semi nat e met hods used by t he U. S. Geol ogi cal Sur -
vey t o anal yze sampl es of wat er , wat er - suspended-

sedi ment mi xt ur es, and bot t om mat er i al col l ect ed i n

connect i on wi t h ongoi ng wat er - qual i t y i nvest i ga-

t i ons. The manual i s an updat e and enl ar gement of

Techni ques of Wat er - Resour ces I nvest i gat i ons of

t he U. S. Geol ogi cal Sur vey, Book 5, Chapt er A3,

" Met hods f or Anal ysi s of Or gani c Subst ances i n

Wat er , " by D. F. Goer l i t z and Eugene Br own, pub-

l i shed i n 1972 . Of speci al not e i s t he pr esent manu-

al ' s i ncl usi on of met hods f or anal yzi ng sampl es of

wat er - suspended- sedi ment mi xt ur es and of bot t om

mat er i al col l ect ed f r om st r eams, l akes, and r eser -

voi r s .

Al t hough excel l ent and aut hor i t at i ve manual s on

wat er anal ysi s ar e avai l abl e, most of t hem empha-

si ze ei t her muni ci pal , i ndust r i al , or agr i cul t ur al

wat er use. No si ngl e r ef er ence or combi nat i on of

r ef er ences i s adequat e t o ser ve as a compr ehensi ve

gui de t o t he br oader phases of wat er - qual i t y i nvest i -

gat i ons conduct ed by t he U. S . Geol ogi cal Sur vey .

These i nvest i gat i ons ar e i nt ended t o def i ne t he

chemi cal , physi cal , and bi ol ogi cal char act er i st i cs of

t he Nat i on' s sur f ace- and gr ound- wat er r esour ces,

as wel l as t o i ndi cat e t he sui t abi l i t y of t hese r e-

sour ces f or var i ous benef i ci al uses .

Rapi d changes i n t echnol ogy ar e const ant l y pr o-

vi di ng new and i mpr oved met hods of st udyi ng

wat er - qual i t y char act er i st i cs. Met hods manual s

must be r evi sed mor e f r equent l y t han bef or e so as t o

gai n t he advant ages of i mpr oved t echnol ogy and t o

obt ai n wat er - qual i t y dat a i n t he most ef f i ci ent man-

ner possi bl e, wi t h a hi gh degr ee of qual i t y cont r ol t o

ensur e nat i onwi de uni f or mi t y and st andar di zat i on of

dat a.

Scope

Thi s manual descr i bes t echni ques and pr ocedur es

f ound t o be sui t abl e f or anal yzi ng r epr esent at i ve

sampl es of wat er and f l uvi al sedi ment s f or di ssol ved

and sor bed or gani c const i t uent s . Because of t he t yp-

TECHNI QUES OF WATER- RESOURCESI NVESTI GATI ONS

i cal l y l ow concent r at i on and compl ex mat r i ces of
sampl es, t he pr ocedur es i ncl ude pr et r eat ment st eps
t o i ncr ease concent r at i on and t o r emove i nt er f er i ng
subst ances. The t echni ques i nvol vi ng l abor at or y
equi pment r epr esent t he cur r ent st at e of t echnol ogy .

For each met hod, t he f ol l owi ng t opi cs ar e cover ed :

appl i cat i on, pr i nci pl es of t he met hod, i nt er f er ences,
appar at us and r eagent s r equi r ed, det ai l s of t he ana-
l yt i cal pr ocedur e, cal cul at i ons, r epor t i ng of r esul t s

( uni t s and si gni f i cant f i gur es) , and anal yt i cal pr eci -

si on dat a, when avai l abl e . Each met hod, wher e ap-

pl i cabl e, appl i es t o t he det er mi nat i on of const i t uent s
i n sol ut i on ( di ssol ved) , t he det er mi nat i on of t ot al or
t ot al r ecover abl e const i t uent s ( subst ances bot h i n

sol ut i on and adsor bed. on or a par t of suspended

sedi ment ) , and, f i nal l y ; , t he det er mi nat i on of t ot al or
r ecover abl e const i t uent s f r om sampl es of bot t om

mat er i al .

Associ at ed wi t h each met hod i s one or mor e f our -

di gi t i dent i f yi ng number s pr eceded by t he l et t er " 0 . "

The l et t er i ndi cat es t hat t he met hod appl i es t o an

or gani c subst ance ; i dent i f yi ng number s i n ot her

chapt er s i n t hi s ser i es ar e pr eceded, f or exampl e, by

" P" ( f or physi cal char act er i st i c) , " I " ( f or an i nor gan-

i c subst ance) , " R" ( f or a r adi oact i ve subst ance) , or

" B" ( f or a bi ol ogi cal char act er i st i c or det er mi na-

t i on) . The f i r st di gi t of t he i dent i f yi ng number i ndi -

cat es t he t ype of det er mi nat i on ( or pr ocedur e) f or

whi ch t he met hod i s sui t abl e, as f ol l ows :

0 - - - - - - Sampl e pr epar at i on .

1 - - - - - - Manual met hod f or di ssol ved const i t u-

ent s .

2 - - - - - - Aut omat ed met hod f or di ssol ved const i t -

uent s .

3 - - - - - - Manual met hod f or anal yzi ng wat er -

suspended- sedi ment mi xt ur es .

4 - - - - - - Aut omat ed met hod f or anal yzi ng wat er -

suspended- sedi ment mi xt ur es .

5 - - - - - - Manual met hod f or anal yzi ng sampl es of

bot t ommat er i al .

6 - - - - - - Aut omat ed met hod f or anal yzi ng sampl es

of bot t om mat er i al .

7 - - - - - - Met hod f or suspended const i t uent s .

9 - - - - - - Met hod f or f i sh and ot her mat er i al s .

The second, t hi r d, and f our t h di gi t s ar e uni que t o

each met hod .

Fol l owi ng each i dent i f yi ng number i s a t wo- di gi t

number t hat i ndi cat es t he year of l ast appr oval of

t he met hod . I f r evi si ons of a met hod ar e i ssued wi t h-

i n t he cal endar year of l ast appr oval , suf f i xes A, B,

and so f or t h ar e added t o t he year desi gnat i on t o

i dent i f y such subsequent r evi si ons. Thi s number i ng
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syst em si mpl i f i es unequi vocal i dent i f i cat i on of each

met hod and al so si mpl i f i es updat i ng of t he manual

as new or r evi sed met hods ar e i nt r oduced .

Def i ni t i ons

Repor t i ng t he r esul t s of anal yses of wat er and

f l uvi al - sedi ment sampl es r equi r es t he use of a num-

ber of t er ms t hat ar e based on t he combi nat i on of

physi cal phases sampl ed ( wat er or sedi ment s) and

anal yt i cal met hods used . These t er ms ar e def i ned

bel ow.

Di ssol ved . - Per t ai ns t o t he const i t uent s i n a r epr e-

sent at i ve wat er sampl e t hat pass t hr ough a 0 . 45-

mi cr omet er membr ane f i l t er . Thi s i s a conveni ent

oper at i onal def i ni t i on used by Feder al agenci es

t hat col l ect wat er dat a. Det er mi nat i ons of " di s-

sol ved" const i t uent s ar e made on subsampl es of

t he f i l t r at e .

Suspended, r ecover abl e. - Per t ai ns t o t he const i t -

uent s ext r act ed f r omt he suspended sedi ment t hat

i s r et ai ned on a 0 . 45- mi cr omet er membr ane f i l t er .

Compl et e ext r act i on i s gener al l y not achi eved,

and t hus t he det er mi nat i on r epr esent s somet hi ng

l ess t han t he " t ot al " amount ( t hat i s, l ess t han 95

per cent ) of t he const i t uent pr esent i n t he suspend-

ed phase of t he sampl e . To achi eve compar abi l i t y

of anal yt i cal dat a, al l l abor at or i es per f or mi ng

such anal yses woul d have t o use equi val ent ex-
t r act i on pr ocedur es, because di f f er ent ext r act i on

pr ocedur es ar e l i kel y t o pr oduce di f f er ent anal yt i -

cal r esul t s .

Det er mi nat i ons of " suspended, r ecover abl e"

const i t uent s ar e made ei t her by anal yzi ng por -
t i ons of t he mat er i al col l ect ed on t he f i l t er or ,

mor e commonl y, by comput i ng t he di f f er ence be-

t ween ( 1) di ssol ved and ( 2) t ot al r ecover abl e con-

cent r at i ons of t he const i t uent .

Suspended, t ot al . - Per t ai ns t o t he const i t uent s of

t he suspended sedi ment t hat i s r et ai ned on a 0 . 45-

mi cr omet er membr ane f i l t er . Thi s t er m i s used
onl y when t he anal yt i cal pr ocedur e ensur es mea-
sur ement of at l east 95 per cent of t he const i t uent

det er mi ned . Knowl edge of t he expect ed f or m of

t he const i t uent i n t he sampl e, as wel l as of t he

anal yt i cal met hodol ogy used, i s r equi r ed t o det er -
mi ne when t he r esul t s shoul d be r epor t ed as " sus-
pended, t ot al . "

Det er mi nat i ons of " suspended, t ot al " const i t u-

ent s ar e made ei t her by anal yzi ng por t i ons of t he

mat er i al col l ect ed on t he f i l t er or , mor e common-

l y, by comput i ng t he di f f er ence bet ween ( 1) di s-

sol ved and ( 2) t ot al concent r at i ons of t he const i t u-

ent .

Tot al , r ecover abl e . - Per t ai ns t o t he const i t uent s

i n sol ut i on af t er a r epr esent at i ve wat er -

suspended- sedi ment sampl e i s di gest ed ( usual l y

usi ng a di l ut e aci d sol ut i on) . Compl et e di ssol ut i on

of al l par t i cul at e mat t er i s of t en not achi eved by

t he di gest i on t r eat ment , and t hus t he det er mi na-

t i on r epr esent s somet hi ng l ess t han t he " t ot al "

amount ( t hat i s, l ess t han 95 per cent ) of t he con-

st i t uent pr esent i n t he di ssol ved and suspended

phases of t he sampl e . To achi eve compar abi l i t y of

anal yt i cal dat a, al l l abor at or i es per f or mi ng such

anal yses woul d have t o use equi val ent di gest i on

pr ocedur es, because di f f er ent di gest i on pr oce-

dur es ar e l i kel y t o pr oduce di f f er ent anal yt i cal

r esul t s .

Tot al , r ecover abl e al so per t ai ns t o t he const i t -

uent s ext r act ed f r om a r epr esent at i ve wat er -

suspended- sedi ment sampl e . Compl et e ext r act i on

gener al l y i s not achi eved, and t hus t he det er mi na-

t i on r epr esent s somet hi ng l ess t han t he " t ot al "

amount ( t hat i s, l ess t han 95 per cent ) of t he con-

st i t uent pr esent i n t he di ssol ved and suspended

phases of t he sampl e. To achi eve compar abi l i t y of

anal yt i cal dat a, al l l abor at or i es per f or mi ng such

anal yses woul d have t o use equi val ent ext r act i on

pr ocedur es, because di f f er ent ext r act i on pr oce-

dur es ar e l i kel y t o pr oduce di f f er ent anal yt i cal

r esul t s .

Tot al . - Per t ai ns t o t he const i t uent s i n a r epr esen-

t at i ve wat er - suspended- sedi ment sampl e. Thi s

t er m i s used onl y when t he anal yt i cal pr ocedur e

ensur es measur ement of at l east 95 per cent of t he

const i t uent pr esent i n bot h t he di ssol ved and sus-

pended phases of t he sampl e . Knowl edge of t he

expect ed f or mof t he const i t uent i n t he sampl e, as
wel l as of t he anal yt i cal met hodol ogy used, i s r e-

qui r ed t o j udge when t he r esul t s shoul d be r epor t -

ed as " t ot al . " ( Not e t hat t he wor d " t ot al " does

doubl e dut y her e, i ndi cat i ng bot h t hat t he sampl e

consi st s of a wat er - suspended- sedi ment mi xt ur e

and t hat t he anal yt i cal met hod det er mi nes al l of
t he const i t uent i n t he sampl e . )

Recover abl e f r om bot t om mat er i al . - Per t ai ns t o

t he const i t uent s ext r act ed f r om a r epr esent at i ve

sampl e of bot t om mat er i al . Compl et e ext r act i on i s

gener al l y not achi eved, and t hus t he det er mi na-

t i on of t en r epr esent s l ess t han t he t ot al amount

( t hat i s, l ess t han 95 per cent ) of t he const i t uent i n

t he sampl e . To achi eve compar abi l i t y of anal yt i cal



dat a, al l l abor at or i es per f or mi ng such anal yses

woul d have t o use equi val ent ext r act i on pr oce-
dur es, because di f f er ent ext r act i on pr ocedur es ar e

l i kel y t o pr oduce di f f er ent anal yt i cal r esul t s .

Tot al i n bot t om mat er i al . - Per t ai ns t o const i t u-

ent s i n a r epr esent at i ve sampl e of bot t om mat er i -

al . Thi s t er m i s used onl y when t he anal yt i cal

pr ocedur e ensur es measur ement of at l east 95

per cent of t he const i t uent det er mi ned. Knowl edge

of t he expect ed f or m of t he const i t uent i n t he

sampl e, as wel l as of t he anal yt i cal met hodol ogy

used, i s r equi r ed t o j udge when t he r esul t s shoul d

be r epor t ed as " t ot al i n bot t ommat er i al . "

I n descr i bi ng an anal yt i cal met hod, i t i s necessar y

t o compar e t he r esul t obt ai ned by t he met hod wi t h

t he val ue t hat i s sought , nor mal l y t he t r ue concen-

t r at i on of t he chemi cal subst ance i n t he sampl e . Def -

i ni t i ons of t er ms t hat ar e used f or t hi s pur pose ar e

gi ven bel ow.

Accur acy. - A measur e of t he degr ee of conf or mi t y

of t he val ues gener at ed by a speci f i c met hod or

pr ocedur e wi t h t he t r ue val ue . The concept of ac-

cur acy i ncl udes bot h bi as ( syst emat i c er r or ) and

pr eci si on ( r andomer r or ) .

Bi as . - A per si st ent posi t i ve or negat i ve devi at i on of

t he val ues gener at ed by a speci f i c met hod or pr o-

cedur e f r om t he t r ue val ue, expr essed as t he di f -

f er ence bet ween t he t r ue val ue and t he mean

val ue obt ai ned by r epet i t i ve t est i ng of t he homo-

geneous sampl e.

Li mi t of det ect i on . - The mi ni mum concent r at i on

of a subst ance t hat can be i dent i f i ed, measur ed,

and r epor t ed wi t h 99 per cent conf i dence t hat t he

anal yt e concent r at i on i s gr eat er t han zer o ; det er -

mi ned f r omanal ysi s of a sampl e i n a gi ven mat r i x

cont ai ni ng anal yt e .

Pr eci si on . - The degr ee of agr eement of r epeat ed

measur ement s by a speci f i c met hod or pr ocedur e,

expr essed i n t er ms of di sper si on of t he val ues

gener at ed about t he mean val ue obt ai ned by r e-

pet i t i ve t est i ng of a homogeneous sampl e .

Def i ni t i ons of ot her t er ms used i n t hi s . manual ar e

gi ven bel ow.

Ext er nal st andar d . - A mi xt ur e of compounds of

i nt er est ( anal yt es t o be det er mi ned) pr epar ed i n a

sui t abl e or gani c sol vent and di l ut ed t o appr oxi -

mat e envi r onment al r esi due concent r at i ons ; used

f or cal i br at i ng and checki ng det ect or r esponse

pr i or t o i nst r ument al anal ysi s . Ext er nal st andar ds

est abl i sh r esponse and r et ent i on f act or s necessar y

f or quant i t at i ve anal ysi s when i nt er nal st andar d

or st andar d addi t i on met hods ar e not used.
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I nt er nal st andar d . - A compound si mi l ar i n physi -

cal and chemi cal pr oper t i es t o t he anal yt e i n t he

sampl e; added t o t he f i nal ext r act j ust pr i or t o

i nst r ument al anal ysi s . I nt er nal st andar d r e-

sponses ar e i ncor por at ed i nt o quant i t at i ve anal y-

si s cal cul at i ons, t hus ser vi ng t o nor mal i ze al l dat a

t o a known amount of a common r ef er ence . I nt er -

nal st andar d mat er i al s must be chosen car ef ul l y ;

t hey must exhi bi t pr oper chr omat ogr aphi c behav-

i or and yet must not occur ei t her nat ur al l y or as a

r esul t of pol l ut i on . When usi ng mass sensi t i ve de-

t ect or s, i nt er nal st andar ds may be chosen f r om

st abl e heavy i sot ope anal ogs of anal yt es of i nt er -

est . Ot her t ypes of gas and l i qui d chr omat ogr aph-

i c det ect or s r equi r e ot her ki nds of compounds . An

i nt er nal st andar d wi l l cor r ect f or t he bi ases asso-

ci at ed wi t h t he i nst r ument al det er mi nat i ve st ep i n

an anal yt i cal pr ocedur e.

Spi ke. - Spi kes r esul t f r om t he addi t i on of a known

amount of one or mor e of t he compounds of i nt er -

est t o t he sampl e pr i or t o anal ysi s . Anal ysi s yi el ds

accur acy dat a ( f r om a synt het i c mat r i x) or r ecov-

er y dat a ( f r om an aut hent i c mat r i x) . Accur acy

r ef l ect s t he best r esul t s t hat can be expect ed, and

r ecover y r ef l ect s t he degr ee of i nf l uence of mat r i x

ef f ect s on accur acy.

Sur r ogat e . - A compound si mi l ar i n physi cal and

chemi cal pr oper t i es t o t he anal yt es of i nt er est ;

added t o t he sampl e upon r ecei pt i n t he l abor at or y

( or , i deal l y, at t he t i me of f i el d sampl i ng) . A sur -

r ogat e i s not used as an i nt er nal st andar d f or

quant i t at i ve measur ement pur poses . Sur r ogat es

may be added t o ever y sampl e t o pr ovi de qual i t y

cont r ol by moni t or i ng f or mat r i x ef f ect s and gr oss

sampl e- pr ocessi ng er r or s . They shoul d not occur

nat ur al l y or be pr esent i n pol l ut ed wat er sampl es .

Al so cal l ed " sur r ogat e spi ke . "

Si gni f i cant f i gur es

The number of si gni f i cant f i gur es t o whi ch t he

r esul t s of anal ysi s, i n mi l l i gr ams or mi cr ogr ams per

l i t er , ar e r epor t ed by t he Geol ogi cal Sur vey r ef l ect s

a compr omi se bet ween pr eci si on of measur ement

and a desi r e f or a degr ee of uni f or mi t y i n t abul at i ons

of anal yt i cal dat a. One of t he commonl y used met h-

ods, whi ch appl i es onl y t o t he expr essi on of t he pr e-

ci si on of a det er mi nat i on, i s t o i ncl ude al l di gi t s

known wi t h cer t ai nt y and t he f i r st ( and onl y t he

f i r st ) doubt f ul di gi t . Thi s met hod has one obvi ous

di sadvant age : publ i shed dat a so r epor t ed may not be
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i nt er pr et ed t o mean t he same t hi ng by al l user s of

t he dat a .

Recover y cor r ect i on

Val ues r epor t ed by Geol ogi cal Sur vey l abor at or i es

ar e not cor r ect ed f or t he per cent age of const i t uent

r ecover ed . Ther ef or e, al most al l of t he dat a f or de-

t er mi nat i ons of speci f i c compounds such as pest i -

ci des, ar e bi ased t o t he l ow si de. Aver age r ecover i es

ar e al ways l ess t han 100 per cent .

Qual i t y Cont r ol

Qual i t y cont r ol i ncl udes t he acqui si t i on and docu-

ment at i on of i nf or mat i on on per sonnel , r eagent s and

st andar ds, equi pment , and anal yt i cal pr ocedur es.

The pr i nci pl es di scussed i n t hi s sect i on appl y t o al l

anal yt i cal pr ocedur es descr i bed i n t hi s manual and

r epr esent t he mi ni mum l evel of anal yt i cal qual i t y

cont r ol r equi r ed t o pr oduce accept abl e dat a . Thi s

sect i on suppl ement s t he pr act i ces descr i bed i n Book

5, Chapt er A6 of t he Techni ques of Wat er - Resour ces

I nvest i gat i ons ser i es of t he U. S. Geol ogi cal Sur vey .

Qual i f i cat i on of t he anal yst

Bef or e per f or mi ng any anal yses, t he anal yst must

demonst r at e t he abi l i t y t o pr oduce dat a of accept -

abl e accur acy and pr eci si on usi ng t he met hod by

successf ul l y anal yzi ng r epl i cat e al i quot s of r ef er ence

mat er i al s over t he r ange of t he met hod . To be con-

si der ed successf ul , r esul t s obt ai ned must f al l wi t hi n

t wo st andar d devi at i ons of t he expect ed val ues f or

each const i t uent measur ed .

Reagent s and st andar ds

The pur i t y of each r eagent must be ver i f i ed by

anal ysi s empl oyi ng t he anal yt i cal met hod at t he l ow-
est det ect i on l i mi t t hat wi l l be r epor t ed . The f r e-

quency of ver i f i cat i on i s a f unct i on of t he st abi l i t y of

each r eagent . Al l r eagent s and adsor bent s must be

f r ee of i nt er f er i ng cont ami nant s . The pr esence of an
i nt er f er i ng cont ami nant r equi r es r emedi al act i on

and r eanal ysi s t o ver i f y r eagent pur i t y .

Bef or e pr ocessi ng any sampl es, t he anal yst must

demonst r at e, t hr ough anal ysi s of an al i quot of r ea-
gent wat er equi val ent i n vol ume t o a sampl e al i quot ,

t hat al l gl asswar e and r eagent i nt er f er ences ar e

Equi pment
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under cont r ol . A r eagent wat er bl ank must be ana-

l yzed each t i me a set of sampl es i s anal yzed or t her e

i s a change i n r eagent s .

St ock st andar d sol ut i ons need t o be pr epar ed f r om

mat er i al s of hi ghest avai l abl e pur i t y . Al l dat a con-

cer ni ng t he pr epar at i on must be r ecor ded i n a

not ebook r eser ved f or st andar d- sol ut i on dat a. Pr i or

t o use, i ndi vi dual component st andar ds need t o be

anal yzed t o ensur e t he concent r at i on and component

r esponse. Sol ut i ons of i ndi vi dual st andar ds al so need

t o be anal yzed by an i ndependent l abor at or y, or by a

second anal yst i n t he pr epar i ng l abor at or y, t o con-

f i r m t he r esul t s . Al l di f f er ences must be r esol ved

bef or e a st andar d sol ut i on i s used .

As speci f i ed i n t he anal yt i cal met hod, one t o seven

st andar d sol ut i ons i n t he concent r at i on r ange of t he

pr ocedur e need t o be anal yzed wi t h each sampl e set ,

and t he r esul t s must agr ee wi t h expect ed val ues

bef or e sampl e r esul t s can be r epor t ed .

A not ebook cont ai ni ng al l i nf or mat i on on r epai r ,

mai nt enance, and dai l y oper at i ng condi t i ons shoul d

be mai nt ai ned and avai l abl e at each i nst r ument

wor k st at i on .

Anal yt i cal pr ocedur e

The anal yt i cal pr ocedur es descr i bed i n t hi s manu-

al must be f ol l owed exact l y . Whenever possi bl e,

met hod per f or mance must be demonst r at ed wi t h

each sampl e by t he use of sur r ogat e spi kes . Appr o-

pr i at e sur r ogat es ar e l i st ed f or each anal yt i cal

met hod al ong wi t h appl i cabl e accept ance cr i t er i a .

For anal yt i cal pr ocedur es f or whi ch appr opr i at e sur -

r ogat es ar e unavai l abl e, t he l abor at or y must ar -

r ange t o r ecei ve at l east 10 per cent of sampl es i n

dupl i cat e. One por t i on of each of t hese sampl es wi l l

be spi ked wi t h a mi xt ur e of t he compounds of i nt er -

est and anal yzed by t he anal yt i cal met hod . I f t he

r ecover y f or any const i t uent does not f al l wi t hi n

cont r ol l i mi t s f or met hod per f or mance, t he r esul t s

r epor t ed f or t hat const i t uent i n al l sampl es

pr ocessed as par t of t he same set must be qual i f i ed

as " suspect . " The l abor at or y must moni t or t he f r e-

quency of suspect dat a t o ensur e t hat i t r emai ns

bel ow 5 per cent . For t hose sampl es ( sedi ment , soi l ,

and cor e mat er i al ) f or whi ch t he use of spi kes i s not
appr opr i at e, an est i mat e of anal yt i cal pr eci si on must
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be obt ai ned and r epor t ed by anal yzi ng i n dupl i cat e

at l east 10 per cent of t he sampl es i n each set .

Because of t he r api d advances i n anal yt i cal t ech-

nol ogy, t he anal yst i s per mi t t ed cer t ai n opt i ons t o

i mpr ove separ at i ons or t o l ower t he cost of measur e-

ment . Such modi f i cat i on of met hods, however , must

conf or m t o t he f ol l owi ng sect i on, " Use and Docu-

ment at i on of St andar d Labor at or y Pr ocedur es . "

Use and Document at i on of

St andar d Labor at or y

Pr ocedur es

The Wat er Resour ces Di vi si on ( WRD) of t he U. S.

Geol ogi cal Sur vey r ecogni zes t wo t ypes of wat er -

qual i t y anal yt i cal met hods- appr oved met hods and

speci al met hods . Def i ni t i ons of t he t wo t ypes of

met hods and r equi r ement s f or appr oval of anal yt i cal

met hods ar e gi ven f or t he gui dance of user s of t hi s

manual who pr ovi de dat a t o or eval uat e dat a f r om

WRDpr ogr ams .

Appr oved met hods

Two cat egor i es of appr oved anal yt i cal met hods

have been f or mal l y est abl i shed- of f i ci al met hods,

and pr ovi si onal met hods . A descr i pt i on of met hods

i n each cat egor y and r equi r ement s f or t hei r appr oval

ar e gi ven bel ow.

Of f i ci al met hods

Met hods i n t hi s cat egor y ar e consi der ed t he of f i -

ci al wat er - qual i t y anal yt i cal met hods of t he WRD.

They ar e publ i shed i n t he Techni ques of Wat er - Re-

sour ces I nvest i gat i ons ( TWI ) ser i es . Dat a col l ect ed

by t hese met hods may be st or ed i n t he nat i onal dat a

f i l e, WATSTORE, and publ i shed i n t he annual basi c

dat a r epor t s of t he WRD. Requi r ement s f or appr oval

ar e as f ol l ows :

1 . Submi ssi on of document at i on of t he pr oposed

met hod or modi f i cat i on of a pr esent l y used

met hod, i n TWI f or mat , t o t he Chi ef , Qual i t y of

Wat er Br anch .

2 . Submi ssi on t o and appr oval by t he Qual i t y of

Wat er Br anch of a met hod- devel opment r epor t

gi vi ng i nf or mat i on and suppor t i ng dat a on t he

f ol l owi ng:

a . appl i cabl e r ange, det ect i on l i mi t , and sensi t i vi t y

of t he met hod ;
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b. known and possi bl e i nt er f er ences ;

c . pr eci si on and bi as of t he met hod ; t hese dat a

shoul d, at a mi ni mum, i ncl ude r esul t s of si ngl e-

l abor at or y and mul t i pl e- oper at or t est s, i n-

cl udi ng at l east 10 r epl i cat e anal yses each of

pur e sol ut i ons, nat ur al wat er , and spi ked nat u-

r al wat er s at t hr ee concent r at i ons cover i ng t he

appl i cabl e r ange of t he met hod ; and

d . pr oduct i on r at es compar ed wi t h ot her met hods,

when possi bl e .

3 . Submi ssi on of st at ement s descr i bi ng hazar dous

chemi cal r eact i ons and ( or ) r eagent s t hat ar e i n-

vol ved i n t he met hod, sampl e- pr eser vat i on r e-

qui r ement s, and l evel of ski l l and ( or ) speci al

t r ai ni ng needed by per sonnel usi ng t he met hod .

4 . I n addi t i on t o t he mi ni mum r equi r ement s f or ap-

pr oval l i st ed above, i f i t i s det er mi ned t hat t he

pr oposed met hod wi l l be used i n t he Cent r al Labo-

r at or i es Syst em, t he Qual i t y of Wat er Br anch wi l l

i ni t i at e pl ans t o obt ai n t echni cal r evi ews of t he

met hod- document at i on and met hod- devel opment

r epor t by at l east t wo col l eagues, one of whom

must be out si de t he aut hor ' s l abor at or y. Fur t her ,

i f t he met hod i s devel oped i n one of t he Cent r al

Labor at or i es, t he ot her Cent r al Labor at or y wi l l be

expect ed, i f equi pment i s avai l abl e, t o conf i r m t he

pr eci si on and bi as of t he met hod and t o compar e

r esul t s wi t h pr esent met hodol ogy, i f a met hod

exi st s . These r equi r ement s must be met wi t hi n 30

days . Appr oval of t he met hod wi l l depend on ob-

t ai ni ng t he r evi ews and addi t i onal dat a. The

Qual i t y of Wat er Br anch may gi ve pr ovi si onal ap-

pr oval , as out l i ned bel ow, dur i ng t he per i od of

r evi ew.

Pr ovi si onal met hods

Pr ovi si onal met hods ar e t hose bel i eved t o pr oduce

dat a compar abl e t o dat a obt ai nabl e f r om of f i ci al

met hods but l i kel y t o be used by WRD t o such a

l i mi t ed ext ent t hat t hey have not r ecei ved ext ensi ve

i n- house t est i ng by WRD per sonnel . Many of t he

met hods publ i shed i n such r el i abl e compendi a as

" St andar d Met hods, " " Envi r onment al Pr ot ect i on

Agency Met hods f or Chemi cal Anal ysi s of Wat er

and Wast es, " and " The Amer i can Soci et y f or Test -

i ng and Mat er i al s Book of St andar ds" and used by

i n- house, cooper at or , or cont r act or l abor at or i es i n

suppor t of WRD pr ogr ams woul d be accept ed f or

appr oval i n t hi s cat egor y . These met hods wi l l not be

publ i shed i n t he TWI ser i es . Dat a col l ect ed by t hese

met hods may be st or ed i n WATSTORE i f a par ame-
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t er code exi st s, and t he dat a may be publ i shed i n t he

annual basi c dat a r epor t s . Requi r ement s f or accep-

t ance of met hods i n t hi s cat egor y ar e as f ol l ows :

1 . Submi ssi on of a descr i pt i on of t he met hod t o t he

Chi ef , Qual i t y of Wat er Br anch, wi t h an expl ana-

t i on of why appr oval of t he met hod i s desi r ed .

2. Pr ovi si on of t he same t ype of i nf or mat i on on pr e-

ci si on and bi as as i s r equi r ed f or " Of f i ci al Met h-

ods" appr oval , wi t h t he except i on t hat dat a ob-

t ai ned by ot her t han WRD per sonnel wi l l be

accept ed f or consi der at i on.

Speci al met hods

I n cont r ast t o t he t wo cat egor i es of appr oved ana-

l yt i cal met hods, t her e ar e some met hods t hat have

speci al i zed or l i mi t ed appl i cat i on and, t her ef or e,

need not be submi t t ed t o t he Chi ef , Qual i t y of Wat er

Br anch, f or appr oval . These i ncl ude met hods used i n

suppor t of r esear ch, exper i ment al or devel opment al

met hods used by a Cent r al Labor at or y, and scr een-

i ng met hods used i n t he f i el d or i n t he l abor at or y .

Dat a col l ect ed by t hese met hods ar e not st or ed i n

WATSTORE or publ i shed i n t he annual basi c dat a

r epor t s . However , t he dat a may be publ i shed i n i n-

t er pr et i ve r epor t s or pr oj ect dat a r epor t s, pr ovi ded

t he met hod i s f ul l y descr i bed or an appr opr i at e r ef -

er ence i s ci t ed t o pr ovi de a basi s f or peer eval uat i on

of anal yt i cal r esul t s . Def ense of t he val i di t y of such

a met hod i s, t her ef or e, t he r esponsi bi l i t y of t he i ndi -

vi dual r epor t i ng t he dat a .

Or di nar i l y, onl y appr oved met hods ar e used i n t he

Cent r al Labor at or i es unl ess a speci al met hod i s r e-

quest ed and concur r ence i n i t s use i s obt ai ned f r om

t he i ndi vi dual r esponsi bl e f or anal yt i cal t echnol ogy

t r ansf er i n t he Of f i ce of t he Anal yt i cal Ser vi ces Co-

or di nat or . Anal yst s ar e not t o use a modi f i cat i on of

an appr oved met hod wi t hout sat i sf yi ng al l pr evi -

ousl y st at ed r equi r ement s f or an appr oved met hod .

Fur t her mor e, when a l abor at or y uses an al t er nat e

met hod t o sat i sf y a speci f i c anal yt i cal r equest be-

cause of t echni cal or management consi der at i ons,

t he anal yt i cal met hod used must have been pr evi -

ousl y shown, t o t he sat i sf act i on of t he i ndi vi dual

r esponsi bl e f or anal yt i cal t echnol ogy t r ansf er , t o

have equi val ent or bet t er sensi t i vi t y, pr eci si on, and

bi as compar ed wi t h t he met hod r equest ed. I f t hese

condi t i ons ar e not met , t he r equest er must be not i -

f i ed pr ompt l y and must appr ove t he change i n

met hod pr i or t o anal ysi s .

Sampl e Col l ect i on

Pr epar at i on of t he sampl er s

Col l ect i on and pr eser vat i on of a r epr esent at i ve

sampl e of a nat ur al wat er body i s t he f i r st and most

i mpor t ant t ask i n t he det er mi nat i on of any sub-

st ance i n wat er . I f t he sampl i ng pr ocedur e or pr eser -

vat i on pr ocedur e i s f aul t y, t he ent i r e det er mi nat i on

wi l l be of doubt f ul val i di t y, at best . I t i s, t her ef or e,

i mpor t ant t hat each st ep i n t he col l ect i on and pr eser -

vat i on of a sampl e be car r i ed out wi t h ut most car e .

The sampl i ng t echni ques used wi l l depend on t he

compound or gr oup of compounds t o be anal yzed .

Some or gani c compounds ar e associ at ed mai nl y wi t h

suspended or bot t om sedi ment s, ot her s ar e gener al l y

f ound as a sur f ace f i l m f l oat i ng on wat er , and st i l l

ot her s ar e di ssol ved i n wat er .

One must be car ef ul t o avoi d cont ami nat i on of a

sampl e. Thi s i s par t i cul ar l y di f f i cul t when a sampl e

i s bei ng t aken f or t r ace- l evel or gani c det er mi na-

t i ons, i n whi ch case i t i s necessar y t o pr event t he

sampl e f r om cont act i ng t he myr i ad of pl ast i cs, oi l s,

and gr eases t hat ar e i n common use t oday . Not onl y

do t hese mat er i al s i nt r oduce cont ami nat i on i nt o t he

sampl e, but al so, i n many i nst ances, t hey sor b t he

compounds of i nt er est .

Bed- sedi ment and suspended- sedi ment sampl es

pose speci al pr obl ems whi ch must be deal t wi t h i n a

car ef ul l y pr escr i bed way.

The sampl er shoul d be compl et el y di sassembl ed

and t hen ( 1) washed t hor oughl y wi t h an Al conox

sol ut i on and a st i f f br ush, ( 2) r i nsed wi t h t apwat er ,

( 3) r i nsed wi t h acet one, and ( 4) r i nsed wi t h

t apwat er . The sampl er shoul d t hen be r eassembl ed

and r i nsed agai n . I mmedi at el y pr i or t o i t s use i n t he

f i el d, i t shoul d be t hor oughl y r i nsed wi t h nat i ve

wat er .

Sampl e handl i ng and pr eser vat i on

The sampl es i n gener al shoul d be col l ect ed i n spe-

ci al l y cl eaned sampl e bot t l es t hat have been baked

at 300- 350' C over ni ght . I mmedi at el y af t er t he

sampl es have been col l ect ed, t hey shoul d be chi l l ed

i n i ce wat er . Af t er chi l l i ng, t he sampl e cont ai ner

shoul d be pl aced i n an i nsul at ed shi ppi ng cont ai ner

wi t h suf f i ci ent i ce t o keep t he sampl e col d unt i l i t

r eaches t he l abor at or y f or anal ysi s . Gl ass bot t l es
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must be packed i n such a way t hat t hey wi l l not

br eak dur i ng shi ppi ng .

Ther e i s no si ngl e pr eser vat i ve t hat may be added

t o a sampl e f or al l f or ms of or gani c anal ysi s; each

sampl e must be t r eat ed accor di ng t o t he anal yt i cal

pr ocedur e t o be f ol l owed. For t he det er mi nat i ons

descr i bed i n t hi s manual , t he f ol l owi ng gener al

met hods of sampl e pr eser vat i on shoul d be used i n

addi t i on t o chi l l i ng at 4' C.

* Et hyl ene and pr opane: Col l ect sampl es i n vi al s

cont ai ni ng 1 mL of f or mal i n i n a manner t hat

pr ecl udes headspace f or mat i on .

* Her bi ci des : Aci di f y wi t h concent r at ed H2SO4 at a

r at e of 2 mL per l i t er of sampl e i n t he l abor at or y . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
" Oi l and gr ease : Add concent r at ed H2SO4 unt i l t he

pH of t he sampl e i s bel ow 3 . 0 . Gener al l y, 5 mL

per l i t er of sampl e wi l l be suf f i ci ent .

* Phenol i c mat er i al : Aci di f y t he sampl e t o pH 4 . 0

wi t h H3PO4, and add 1 g of CUS04- 5H20 per l i t er

of sampl e .

Sampl es col l ect ed f or di ssol ved- const i t uent det er -

mi nat i ons must be f i l t er ed i mmedi at el y at t he col l ec-

t i on si t e usi ng ei t her pr essur e or vacuum f i l t r at i on

appar at us and a 0 . 45- mi cr omet er si l ver membr ane

f i l t er . Sampl es col l ect ed f or speci f i c compound de-

t er mi nat i ons, such as pest i ci des, shoul d be shi pped

i mmedi at el y t o t he l abor at or y, wher e t hey ar e

f i l t er ed t hr ough an appr oxi mat el y 0 . 3- mi cr omet er

mean por e si ze gl ass f i ber f i l t er .

Sampl e bot t l es used f or col l ect i ng pur geabl e or -

gani c compound sampl es must be f i l l ed so t hat a

meni scus f or ms at t he mout h of t he sampl e bot t l e .

Then t he cap shoul d be at t ached so t hat no bubbl e or

headspace i s pr esent . Any sampl e t hat has a bubbl e

or headspace at t he col l ect i on si t e must be di scar ded

and a newsampl e col l ect ed .

Ext r act i on, Fr act i onat i on,
and I dent i f i cat i on

The det er mi nat i on of a speci f i c or gani c compound

gener al l y r equi r es t hat t he compound be i sol at ed

f r om some or al l of t he ot her component s i n t he

sampl e . Thi s i s t r ue whet her t he sampl e i s a nat ur al

wat er bei ng anal yzed f or a par t i cul ar pest i ci de or a

bi ol ogi cal f l ui d bei ng anal yzed f or a par t i cul ar ami no

aci d. The pr obl em i s f ur t her compl i cat ed i f t he sam-

pl e consi st s of mor e t han one phase, wi t h t he desi r ed

component di st r i but ed bet ween t he phases . Thi s di s-
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t r i but i on of a component bet ween t wo or mor e

phases i s ei t her a dynami c equi l i br i um pr ocess, i n

whi ch t he component wi l l r edi st r i but e i t sel f bet ween

t he phases i f t he concent r at i on i n one phase i s
changed, or a nonequi l i br i um pr ocess, i n whi ch t he

component i s i r r ever si bl y bound by one or mor e of

t he phases i n t he syst em. Consi der , f or exampl e, a

st r eam i n whi ch t he r unni ng wat er i s car r yi ng a

suspended- sedi ment l oad. Each of t he mi ner al com-

ponent s i n t he sedi ment i s a separ at e phase; i f a

sur f ace f i l m of an i nsol ubl e oi l i s pr esent , i t const i -

t ut es anot her phase ; col l oi dal par t i cl es of or gani c

pol ymer s such as humi c mat er i al const i t ut e st i l l an-

ot her phase . Or gani c anal ysi s i n a nat ur al wat er

syst em t her ef or e r equi r es t hat t he or gani c com-

pounds f i r st be i sol at ed f r om t he ot her component s

of t he st r eam ( ext r act i on) and t hen separ at ed one

f r om anot her ( f r act i onat i on) pr i or t o measur ement

of t he amount of each compound pr esent i n t he

sampl e .

Ext r act i on

Two di f f er ent t ypes of l i qui d- ext r act i on t ech-

ni ques ar e commonl y used t o ext r act or gani c sol ut es

f r om wat er s and sedi ment s : bat ch ext r act i on and

cont i nuous ext r act i on.

Bat ch ext r act i on

Ext r act i on of an or gani c compound or a gr oup of

compounds f r om a wat er sampl e i s gener al l y done

by shaki ng t he sampl e wi t h an i mmi sci bl e sol vent i n

a separ at or y f unnel . Al l of t he compounds t hat ar e

sol ubl e i n t he t wo l i qui d phases ( desi gnat ed phases 1

and 2) wi l l di st r i but e t hemsel ves bet ween t he

phases . I t can be shown t her modynami cal l y t hat t he

concent r at i ons of sol ut es i n t he t wo phases ar e r el at -

ed t o one anot her at equi l i br i um by t he di st r i but i on

coef f i ci ent

K=
MA( 1 )

MA( 2)

wher e

MP) i s t he concent r at i on of sol ut e A i n phase 1

and

MA( 2) i s t he concent r at i on of sol ut e A i n phase 2 .

Ther ef or e, i f t he concent r at i on of sol ut e A i n

phase 1 and K ar e known, t he concent r at i on of so-

l ut e A i n phase 2 can be cal cul at ed . I n an ext r act i on

pr ocedur e, t he di st r i but i on coef f i ci ent s need t o be
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measur ed f or t he var i ous possi bl e ext r act i on sol -

vent s i n or der t o choose a sol vent t hat wi l l pr ovi de

hi gh r ecover y of t he desi r ed sol ut e af t er a r eason-

abl e number of r epet i t i ons ( gener al l y t hr ee or f ew-

er ) .

Cont i nuous ext r act i on

I n t he var i ous cont i nuous- ext r act i on pr ocedur es,

f r esh sol vent , f r ee of sol ut e, i s cont i nual l y i nt r o-

duced i nt o t he ext r act i on chamber i n whi ch t he sam-

pl e t o be ext r act ed i s cont ai ned . Cont i nuous- ext r ac-

t i on equi pment has been devi sed f or ext r act i on of

bot h sol i d and l i qui d sampl es . I n some of t he cont i n-

uous- ext r act i on devi ces f or l i qui d sampl es, t he sam-

pl e al so moves t hr ough t he devi ce and i t i s possi bl e

t o ext r act a l ar ge vol ume of l i qui d wi t h a r el at i vel y

smal l ext r act or .

Fr act i onat i on

Chr omat ogr aphy has been def i ned by Denny

( 1976) as f ol l ows : " * * * any separ at i ve pr ocess i n

whi ch a mi xt ur e car r i ed i n a movi ng phase ( ei t her

l i qui d or gas) i s separ at ed as a r esul t of di f f er ent i al

di st r i but i on of t he sol ut es bet ween t he mobi l e phase

and a st at i onar y l i qui d or sol i d phase ar ound or over

whi ch t he mobi l e phase i s passi ng . The syst ems t o

whi ch t hi s def i ni t i on appl i es i ncl ude al l chr omat o-

gr aphi c pr ocesses, f r om paper chr omat ogr aphy t o

i on exchange and gel per meat i on . "

The st at i onar y phase i s a sol i d, or a sol i d on whi ch

i s adsor bed l i qui d t hat i s i nsol ubl e i n t he mobi l e

phase, whi ch may be ei t her a gas or a l i qui d . I f t he

mobi l e phase i s a gas, we shal l r ef er t o t he pr ocess

as gas chr omat ogr aphy, and i f i t i s l i qui d, we shal l

r ef er t o i t as l i qui d chr omat ogr aphy .

Li qui d chr omat ogr aphy

Li qui d chr omat ogr aphy was devel oped bef or e gas

chr omat ogr aphy . The pi oneer i ng wor k was done
dur i ng t he f i r st decade of t he 20t h cent ur y i n t he

Uni t ed St at es by Davi d Tal bot Day of t he U. S . Geo-

l ogi cal Sur vey and i n Russi a by Mi khai l Tswet t .

At l east f our di f f er ent t ypes of i nt er act i ons have

been f ound t o t ake pl ace bet ween t he sol ut es and

st at i onar y phases, t he t ype t hat occur s dependi ng on

t he physi cal and chemi cal pr oper t i es of t he sol ut es

and t he st at i onar y phases, and t hese have, i n t ur n,

gi ven r i se t o f our di f f er ent t ypes of l i qui d chr oma-

t ogr aphy . These f our t ypes of i nt er act i ons ar e

Adsor pt i onzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

" adsor pt i on,

" l i qui d- l i qui d par t i t i on,

" i on exchange, and

" gel per meat i on .

I n some syst ems, mor e t han one t ype of i nt er ac-

t i on occur s . I t i s i nst r uct i ve t o consi der br i ef l y each

t ype of i nt er act i on .

Adsor pt i on of mol ecul es by t he sur f ace of an ad-

sor bent occur s because of weak physi cal f or ces, such

as London f or ces or el ect r ost at i c f or ces, bet ween t he

mol ecul es and t he adsor bent mol ecul es or because of

weak chemi cal bonds, such as char ge t r ansf er or

hydr ogen bonds, bet ween t he mol ecul es . I f a chr o-

mat ogr aphi c f r act i onat i on i s based on adsor pt i on,

t he adsor pt i on must be r ever si bl e . Ther ef or e, onl y

r ever si bl e adsor pt i on i s consi der ed her e ; however , i t

shoul d be not ed t hat many adsor pt i on pr ocesses ar e

not r ever si bl e . Al t hough di scussi on of i r r ever si bl e

adsor pt i on i s beyond t he scope of t hi s paper , i t

shoul d be poi nt ed out t hat i r r ever si bl e adsor pt i on

of t en pr event s t he compl et e r ecover y of or gani c pol -

l ut ant s f r omsedi ment s .

The most common t heor y of adsor pt i on of a sol ut e

f r om a sol vent ont o an adsor bent sur f ace i s an ex-

t ensi on of a t heor y der i ved f or t he adsor pt i on of

gases by adsor bent sur f aces . Langmui r ( 1918) de-

r i ved a model f or adsor pt i on t hat i s based on t he

f ol l owi ng assumpt i ons :

" The adsor bed mol ecul es f or m a monol ayer on t he

sur f ace of t he adsor bent .

" Al l of t he adsor pt i on si t es on t he adsor bent sur f ace

ar e equi val ent ,

" Ther e i s no i nt er act i on bet ween t he adsor bed mol -

ecul es .

Because some of t he assumpt i ons t hat have been

made i n t he der i vat i on of t he equat i ons of t he

Langmui r model do not hol d i n al l syst ems, ot her ,

mor e compl ex adsor pt i on equat i ons have been de-

r i ved. These ar e gener al l y empi r i cal r el at i onshi ps

t hat have been f ound t o wor k f or some syst ems .

The behavi or of par t i cul ar sol ut i ons i n an adsor p-

t i on syst em wi l l , i n gener al , be a f unct i on of t he

sur f ace pr oper t i es of t he adsor bent and t he physi -

cal / chemi cal pr oper t i es of bot h t he sol ut e and t he
sol vent .

Al l sor bent sur f aces ar e made up of f unct i onal

gr oups t hat can i nt er act wi t h ot her mol ecul es and

bi nd t hem. The capaci t y of a sur f ace t o bi nd mol e-

cul es depends on t he number and di st r i but i on of t he
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act i ve f unct i onal gr oups . I n gener al , t he par t i cl es of

adsor bent t hat ar e packed i nt o a chr omat ogr aphi c

col umn do not pr ovi de uni f or m sur f ace f or adsor p-

t i on. Some of t he sur f ace i s on t he out si de of t he

par t i cl es, and some of t he sur f ace i s cont ai ned i n

voi ds wi t hi n t he par t i cl e. I f t he sol ut e mol ecul es ar e

t oo l ar ge, t hey wi l l not ent er t he voi ds and t her ef or e

wi l l be excl uded f r om par t of t he sur f ace of t he

par t i cl es . I n some adsor bent s, t he act i ve f unct i onal

gr oups ar e not uni f or ml y di st r i but ed over t he sur -

f ace, and i n some i nst ances some of t he gr oups may

be st er i cal l y hi nder ed so t hat t hey cannot i nt er act

wi t h sol ut e mol ecul es . Par t of t he sur f ace may be

deact i vat ed by t he pr esence of a st r ongl y adsor bed

mol ecul e . For exampl e, wat er wi l l st r ongl y adher e t o

t he act i ve si t es on t he sur f ace of si l i ca gel , ef f ect i ve-

l y r emovi ng t he af f ect ed si t es f r ompar t i ci pat i ng i n

ot her adsor pt i on r eact i ons .

The act i ve f unct i onal gr oups on an adsor bent sur -

f ace may be cl assi f i ed i nt o t wo gr oups : pol ar and

nonpol ar . I n gener al , pol ar gr oups ar e t hose t hat can

par t i ci pat e i n hydr ogen bondi ng . Nonpol ar gr oups

bi nd mai nl y by London di sper si on f or ces .

Fr omt he above di scussi on, i t f ol l ows t hat t he be-

havi or of a sol ut e i n a chr omat ogr aphi c syst em t hat

consi st s of a sol ut e, a sol vent , and an adsor bent

sur f ace wi l l be a f unct i on of t he f ol l owi ng : zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
" t he pol ar i t y of t he sol ut e mol ecul e,

" t he si ze of t he sol ut e mol ecul e,

" t he di st r i but i on of t he act i ve si t es on t he adsor b-

ent ,

" t he pol ar i t y of t he adsor bent si t es,

" t he af f i ni t y of t he adsor bent sur f ace f or t he sol -

vent mol ecul es, and

" t he pol ar i t y of t he sol vent .

I t i s t her ef or e possi bl e, by pr oper mani pul at i on, t o

achi eve a wi de var i et y of di f f er ent separ at i ons .

Li qui d- l i qui d par t i t i on

I n par t i t i on chr omat ogr aphy, t wo i mmi sci bl e l i q-

ui d phases and a st at i onar y phase ar e used . One of

t he l i qui d phases i s bound t o t he st at i onar y phase by

adsor pt i on or , i n some i nst ances, by chemi cal bond-

i ng, and t he ot her l i qui d phase moves f r eel y t hr ough

t he col umn. We shal l cal l t he l i qui d phase t hat i s f r ee

t o move t he mobi l e phase . The sol ut es t hat ar e t o be

f r act i onat ed ar e pl aced i n t he col umn di ssol ved i n

t he mobi l e phase . The sol ut es t hen di st r i but e t hem-

sel ves bet ween t he t wo l i qui d phases . Af t er t he sol -

ut es have been pl aced on t he col umn, t hey ar e el ut ed
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by t he addi t i on of sol vent at t he head of t he col umn .

I n t hi s way, a cont i nuous par t i t i oni ng pr ocess t akes

pl ace on t he col umn and t he var i ous sol ut es ar e sep-

ar at ed one f r om anot her . Thi s pr ocess was f i r st el u-

ci dat ed by Mar t i n and Synge ( 1941) . Al t hough ot her

t heor i es of par t i t i on chr omat ogr aphy have been de-
vel oped si nce t he wor k of Mar t i n and Synge, t hei r

wor k cont ai ns t he basi c pr i nci pl es and i s t he one t hat

i s most wi del y used . I n t hei r wor k t hey have devel -

oped t he concept of " hei ght equi val ent t o one t heo-

r et i cal pl at e" ( HETP) by dr awi ng an anal ogy be-

t ween t he mode of oper at i on of a chr omat ogr aphi c

col umn and a di st i l l at i on col umn . They have def i ned

HETP as " t he t hi ckness of t he l ayer such t hat t he

sol ut i on i ssui ng f r om i t i s i n equi l i br i um wi t h t he

mean concent r at i on of sol ut e i n t he non- mobi l e

phase t hr oughout t he l ayer s . " They have assumed

t hat di f f usi on of sol ut e f r omone pl at e t o anot her i s

negl i gi bl e and t hat at equi l i br i um t he di st r i but i on

r at i o of one sol ut e bet ween t he t wo l i qui d phases i s

i ndependent of t he concent r at i on of t he sol ut e and of

t he pr esence of ot her sol ut es . The equat i ons t hey

der i ved f or par t i t i on chr omat ogr aphy may be ex-

t ended t o adsor pt i on chr omat ogr aphy .

Mar t i n and Synge have shown t hat t he movement

of t he posi t i on of t he band of maxi mum concent r a-

t i on of a sol ut e i n a par t i t i on chr omat ogr aphi c col -

umn wi l l be a f unct i on of t he par t i t i on coef f i ci ent of

t he sol ut e, K, bet ween t he t wo l i qui d phases. Be-

cause t he K val ues wi l l be di f f er ent f or di f f er ent

sol ut es, f r act i onat i on of t he sol ut es wi l l occur and

t he amount of separ at i on bet ween t he bands of max-

i mum concent r at i on of t he sol ut es wi l l be a f unct i on

of t he t ot al number of pl at es i n t he col umn.

The HETP i s a f unct i on of t he r at e of di f f usi on of

t he sol ut e and of t he r at e of f l ow of t he sol vent .

Ther e i s an opt i mum f l ow r at e t hat mi ni mi zes t he

ef f ect of di f f usi on . The smal l er t he HETP, t he mor e

ef f i ci ent t he col umn wi l l be f or separ at i on. I n gener -

al , col umns made up of smal l er par t i cl es gi ve smal l er

HETP val ues t han do col umns composed of l ar ger

par t i cl es . However , col umns composed of smal l par -

t i cl es r equi r e hi gh pr essur es t o f or ce t he sol vent

t hr ough t he col umn.

I on exchange

I n i on- exchange chr omat ogr aphy, a r esi n whi ch

consi st s of ei t her ani oni c or cat i oni c si t es at t ached t o

a cr oss- l i nked pol ymer i c backbone i s used . The r esi n,

whi ch i s i nsol ubl e i n wat er , i s f or med i nt o beads f or

packi ng i nt o a chr omat ogr aphi c col umn . When buf f -
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er i s added t o t he col umn, t he beads swel l . I ons can

t hen mi gr at e i n and out of t he beads i nt er act i ng

wi t h t he char ged si t es on t he pol ymer . I ons havi ng

char ges opposi t e t he char ges of t he f i xed si t es on

t he pol ymer wi l l be bound t o t he pol ymer . I n i on-

exchange chr omat ogr aphy, t he el ect r ol yt e mol ecul es

t o be f r act i onat ed ar e added t o a buf f er sol ut i on and

pl aced on t he col umn of i on- exchange r esi n. Af t er al l

of t he sol ut e t o be f r act i onat ed has mi gr at ed ont o

t he col umn, mor e buf f er sol ut i on i s added t o t he

head of t he col umn t o el ut e t he sol ut e f r act i ons . The

sol ut e i ons t o be f r act i onat ed compet e f or t he f i xed

char ged si t es on t he pol ymer wi t h t he sal t i ons i n t he

buf f er . Because, i n gener al , t he st r engt hs of t he

i nt er act i ons of t he var i ous i ons wi t h t he f i xed

char ged si t es ar e di f f er ent , f r act i onat i on of t he so-

l ut e i ons wi l l t ake pl ace on t he col umn .

Gel per meat i on

Gel - per meat i on chr omat ogr aphy i s nor mal l y used

t o obt ai n a mol ecul ar si ze f r act i onat i on of a mi xt ur e

of si mi l ar compounds . I n pr i nci pl e, gel - per meat i on

chr omat ogr aphy i s a r el at i vel y si mpl e pr ocess ; how-

ever , as di scussed bel ow, t he pr ocess can be compl i -

cat ed by adsor pt i on and by i on- exchange ef f ect s .

I n gel - per meat i on chr omat ogr aphy, t he st at i onar y

phase gener al l y consi st s of por ous pol ymer beads

whi ch ar e i nsol ubl e i n t he mobi l e phase . The manu-

f act ur er of t he beads at t empt s t o make t he di men-

si ons of t he por es i n t he beads uni f or m. Sol ut e mol e-

cul es t hat ar e l ar ger t han t he l ar gest por es i n t he

beads do not penet r at e t he beads but pass t hr ough

t he col umn and ar e el ut ed f r om t he col umn f i r st .

Smal l er mol ecul es can penet r at e i nt o t he por es of

t he beads and ar e t her eby r et ar ded i n t hei r f l ow

t hr ough t he col umn. Wi t hi n l i mi t s, t he smal l er t he

mol ecul e t he mor e r et ar dat i on t akes pl ace and t he

l onger i t t akes f or t he mol ecul e t o be el ut ed f r omt he

col umn. Thus, mol ecul es ar e el ut ed f r omt he col umn
i n decr easi ng or der of mol ecul ar si ze.

I n a cl assi cal gel - per meat i on exper i ment , i t i s as-

sumed t hat t he st at i onar y phase i s compl et el y i ner t

t o t he sol ut e mol ecul es, t hat t he pr ocess of f r act i on-

at i on i s br ought about pur el y by di f f er ent i al pene-

t r at i on of t he sol ut e mol ecul es i nt o t he por es of t he

beads, and t hat mol ecul ar f or ces bet ween t he sol ut e

mol ecul es and t he st at i onar y phase ar e negl i gi bl e . I n

many i nst ances, however , t hi s i s not t he case and

i nt er act i ons such as adsor pt i on and i on exchange

can t ake pl ace .

Gas- l i qui d chr omat ogr aphy

I dent i f i cat i on

I n 1952, James and Mar t i n i nt r oduced a

gas- l i qui d " det ect or " ( chr omat ogr aph) usi ng a de-

si gn f i r st suggest ed by Mar t i n and Synge ( 1941) .

Thi s separ at i on pr i nci pl e i s si mi l ar t o t hat di scussed

i n t he sect i on on " Li qui d- Li qui d Par t i t i on . " I n t he

st at i onar y phase, nor mal l y a f ai r l y hi gh boi l i ng pol y-

mer i s bound t o suppor t mat er i al by adsor pt i on . The

suppor t mat er i al can be al most any i ner t mat er i al

havi ng a l ar ge sur f ace ar ea and good st r uct ur al

st r engt h . Di at omaceous ear t h i s t he most commonl y

used suppor t , and or ganosi l i cone oi l s ar e t he most

wi del y used l i qui d phases . Recent l y, ver y hi gh r eso-

l ut i on col umns have been const r uct ed by coat i ng t he

l i qui d phase di r ect l y ont o t he wal l s of synt het i c

f used si l i ca capi l l ar y t ubi ng.

An i ner t gas such as He or Nz i s nor mal l y used as

a mobi l e phase ( car r i er gas) t o move t he sampl e

f r om an i nj ect i on por t t o a det ect or . As i n par t i t i on

chr omat ogr aphy, t he sol ut es di st r i but e t hemsel ves

bet ween t he st at i onar y phase and t he mobi l e phase.

The concept of HETP al so appl i es t o gas- l i qui d

chr omat ogr aphy and gi ves an i ndi cat i on of t he ef f i -

ci ency of a gas chr omat ogr aphi c col umn . A r at her

si mpl e met hod of cal cul at i ng t he number of t heor et i -

cal pl at es i s gi ven by McNai r and Bonel l i ( 1969) and

i s qui t e usef ul f or measur i ng t he ef f i ci ency of di f f er -

ent col umns of t he same l engt h and mat er i al s .

The U. S. Geol ogi cal Sur vey l abor at or i es per f or m

al l gas chr omat ogr aphi c pest i ci de det er mi nat i ons on

t wo col umns of di ssi mi l ar pol ar i t y such as met hyl

si l i cone and 50 per cent t r i f l uor opr opyl - met hyl si l i -

cone. An anal yt e must have t he pr oper r et ent i on

t i me on bot h col umns i n or der t o be consi der ed i den-

t i f i ed . I f peaks wi t h t he pr oper r et ent i on t i me on

bot h col umns ar e f ound but t he peak ar eas ar e di f -

f er ent , one usual l y cal cul at es t he quant i t y of t he

anal yt e based on t he smal l er peak because al most al l

i nt er f er ent compounds pr oduce posi t i ve peak ar eas .

A l ar ge var i et y of det ect or s have been used over

t he year s, t he most successf ul bei ng t he t her mal -

conduct i vi t y and f l ame- i oni zat i on det ect or s, bot h of

whi ch r espond t o vi r t ual l y al l compounds . Mor e r e-

cent l y, t he el ect r on- capt ur e det ect or has gai ned

wi despr ead use ; i t i s somewhat mor e sel ect i ve i n i t s

r esponse .
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Ther mal - conduct i vi t y det ect or

A t her mal - conduct i vi t y det ect or empl oys a wi r e
f i l ament whose el ect r i cal r esi st ance var i es wi t h t em-
per at ur e . A const ant cur r ent i s passed t hr ough t he
f i l ament , whi ch i s encl osed i n a det ect or bl ock. Car -
r i er gas, usual l y He, at a const ant f l ow r at e wi l l
conduct heat away f r omt he f i l ament at a const ant
r at e, est abl i shi ng a basel i ne. Any change i n car r i er
gas composi t i on, such as occur s when a sampl e i s
i nt r oduced, causes a change i n f i l ament t emper a-
t ur e, wi t h a cor r espondi ng change i n r esi st ance.
Thi s i s det ect ed by a Wheat st one br i dge, and t he
r esul t i ng si gnal i s r ecor ded on a st r i p char t r ecor der .

Fl ame- i oni zat i on det ect or

A f l ame- i oni zat i on det ect or uses a hydr ogen
f l ame t o bur n and i oni ze or gani c compounds . A cat h-

ode- anode el ect r ode syst em wi t h a f i xed pot ent i al

bet ween t he el ect r odes moni t or s t he f l ame . When a

compound i s i oni zed i n t he f l ame, t he r esul t i ng
change acr oss t he el ect r ode gap i s measur ed by an
el ect r omet er and i s di spl ayed on a st r i p char t

r ecor der .

El ect r on- capt ur e det ect or

El ect r on- capt ur e det ect or s have been used ext en-
si vel y t o det ect chl or i nat ed pest i ci des by gas- l i qui d

chr omat ogr aphy . Thi s t ype of det ect or i s pr obabl y

t he most sensi t i ve avai l abl e f or t hese compounds ; f or

exampl e, as l i t t l e as 1 pg ( pi cogr am) of l i ndane can

be det ect ed . I t s use, however , i s l i mi t ed t o com-
pounds t hat have a si gni f i cant el ect r on- capt ur e

cr oss sect i on . An el ect r on- capt ur e det ect or i s a r el a-

t i vel y si mpl e devi ce; i t consi st s of a t wo- el ect r ode i on

chamber , an i nt er nal r adi at i on sour ce, and associ at -

ed el ect r oni c ci r cui t r y f or measur i ng t he i on cur r ent

bet ween t he el ect r odes i n t he chamber .

Mass spect r omet er

A mass spect r omet er as a det ect or uses an i oni za-

t i on chamber t o i oni ze at oms and mol ecul es el ut i ng

f r om t he GC col umn . The i ons ar e segr egat ed ac-

cor di ng t o t hei r mass- t o- char ge r at i o, and a pl ot of

i nt ensi t y ver sus mass- t o- char ge r at i o i s t he mass

spect r um, whi ch usual l y pr ovi des a gr eat deal of

i nf or mat i on about t he mol ecul ar wei ght and st r uc-

t ur e of t he compound . Speci al t echni ques, such as

si ngl e or mul t i pl e i on moni t or i ng, gr eat l y i ncr ease

t he sensi t i vi t y of t he mass spect r omet er so t hat a

TECHNI QUES OF WATER - RESOURCES I NVESTI GATI ONS

f ew pi cogr ams of a compound can be det ect ed . I f a
dat a syst em i s used wi t h t he gas chr o-
mat ogr aph- mass spect r omet er syst em, t he syst em
becomes a power f ul qual i t at i ve and quant i t at i ve t ool .
Comput er i zed l i br ar y sear ches can be conduct ed i n
an at t empt t o i dent i f y component s by compar i ng
t hei r spect r a wi t h t housands of l i br ar y spect r a.
Ther e ar e sof t war e packages t o per f or m aut omat ed
quant i t at i on and i dent i f i cat i on r out i nes .

Ot her det ect or s

Ot her l ess sensi t i ve det ect or s such as mi cr o-
coul omet r i c, f l ame phot omet r i c, phot oi oni zat i on, and
el ect r ol yt e conduct i vi t y det ect or s ar e somet i mes
used i n gas chr omat ogr aphy because t hey r espond
t o onl y speci f i c el ement s i ncor por at ed i nt o t he mol e-
cul es and t hi s ai ds i n mol ecul ar i dent i f i cat i on .

Spect r ophot omet er

When el ect r omagnet i c r adi at i on i mpi nges upon a
mat er i al , t he r adi at i on i nt er act s wi t h t he mol ecul es

of t he mat er i al and, i n gener al , some of t he r adi ant

ener gy i s absor bed . The amount of r adi at i on of a
gi ven wavel engt h ( or f r equency) t hat i s absor bed i s
a f unct i on of t he at omi c or mol ecul ar st r uct ur e of

t he mat er i al bei ng i r r adi at ed. Radi at i on i s absor bed

by a mol ecul e when t he f r equency of t he r adi at i on

cor r esponds t o t he ener gy of a quant um t r ansi t i on
f r om one el ect r oni c vi br at i onal st at e t o anot her ,
f r om one nucl ear vi br at i onal st at e t o anot her , or

f r omone mol ecul ar vi br at i onal or r ot at i onal st at e t o

anot her . The el ect r oni c vi br at i onal t r ansi t i ons cause

absor pt i on i n t he vi si bl e and ul t r avi ol et r egi ons of

t he spect r um ( 200 t o 780 nm) , nucl ear and mol ecu-

l ar vi br at i onal t r ansi t i ons i n t he i nf r ar ed r egi on

( 0 . 78 gmt o 30 gm) , and r ot at i onal t r ansi t i ons i n t he

f ar i nf r ar ed and mi cr owave r egi ons ( 30 gmt o 1 m) .

Absor pt i on spect r ophot omet r y may be used f or
bot h quant i t at i ve and qual i t at i ve anal ysi s .

Quant i t at i ve anal ysi s

The amount of monochr omat i c r adi at i on t hat i s

absor bed by t he subst ance i s a f unct i on of t he t hi ck-

ness of t he sampl e and of t he concent r at i on of t he

subst ance i n t he sampl e . Thus

A2, = l og
I ~.

I °
= abc,

x
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wher e A. i s t he absor bance of r adi at i on of wave-

l engt h X, I ?, i s t he i nt ensi t y of t he i nci dent r adi at i on

of wavel engt h X, I , i s t he i nt ensi t y of t he t r ansmi t -

t ed r adi at i on of wavel engt h X, a i s t he ext i nct i on

coef f i ci ent at t he gi ven wavel engt h, b i s t he sampl e

t hi ckness, and c i s t he concent r at i on of t he sub-

st ance . The r el at i onshi p A. = abc i s Beer ' s l aw.
Fr omi t we see t hat i n or der t o anal yze a sol ut i on f or

a gi ven compound, i t i s necessar y t o measur e t he

pat h l engt h of t he l i ght t hr ough t he sampl e and t o

eval uat e t he ext i nct i on coef f i ci ent f or t he compound
i n t he sol vent . I n pr act i ce, t hi s i s accompl i shed by
measur i ng t he absor bances of t he sampl e sol ut i on

and a gr oup of sui t abl e st andar ds i n a cel l of known

pat h l engt h . A pl ot of t he absor bances of t he st an-

dar ds ver sus concent r at i on i s t hen pr epar ed, and t he
concent r at i on of t he unknown sampl e i s det er mi ned
f r omt he anal yt i cal cur ve .

For most di l ut e sol ut i ons, Beer ' s l aw wi l l hol d ;
however , depar t ur es f r om Beer ' s l aw do occur i n

whi ch concent r at i on i s not di r ect l y pr opor t i onal t o

absor bance. These depar t ur es ar e caused by l i ght

scat t er i ng, f l uor escence, decomposi t i on, sat ur at i on,
hydr ogen bondi ng, i on pai r f or mat i on, mol ecul ar ag-

gr egat i on or di saggr egat i on, sol vat i on, and chemi cal

r eact i ons . Ther ef or e, t o avoi d i naccur at e r esul t s i t i s

i mper at i ve i n quant i t at i ve anal ysi s t hat st andar ds

t hat cl osel y appr oxi mat e t he sampl e i n concent r at i on
and subst r at e composi t i on be used .

Qual i t at i ve anal ysi s

I n gener al , t he el ect r oni c, nucl ear , and mol ecul ar
ener gy t r ansi t i ons i n any gi ven mol ecul ar speci es
wi l l be di f f er ent f r om t hose i n any ot her mol ecul ar
speci es, and t her ef or e t he absor pt i on spect r um of a
pur e subst ance, t hat i s, a pl ot of absor bance ver sus
wavel engt h of t he sampl e, wi l l be uni que and wi l l
al l ow one i n t heor y t o i dent i f y t he subst ance . Unf or -
t unat el y, i n pr act i ce i t may not be possi bl e t o obt ai n
suf f i ci ent sampl e t o obt ai n a sui t abl e spect r um.

Wi t hi n any cl ass of chemi cal compounds t hat ar e
char act er i zed by par t i cul ar st r uct ur al el ement s t her e
wi l l be a char act er i st i c gr oup of absor pt i on bands i n
t he absor pt i on spect r a. Even i f i t i s not possi bl e t o
assi gn a gi ven spect r um t o a par t i cul ar compound, i t
shoul d be possi bl e t o det er mi ne t he cl ass of com-
pounds . Nor mal l y, most di agnost i c absor pt i on bands
occur i n t he i nf r ar ed r egi on of t he spect r um; how-
ever , f or some speci es t he ul t r avi ol et and vi si bl e r e-
gi ons al so cont ai n usef ul i nf or mat i on .

Sel ect ed r ef er ences

1 3

Anci l l ar y met hods of conf i r mat i on

I n addi t i on t o t he t wo- col umn gas chr omat o-

gr aphi c pr ocedur es used f or t he pest i ci des met hods,

ot her conf i r mat i on pr ocedur es may be used, such as

gas chr omat ogr aphy empl oyi ng ( 1) a mass spec-

t r omet er det ect or moni t or i ng at l east t hr ee maj or

i ons or ( 2) an el ement speci f i c det ect or such as t he

Hal l el ect r ol yt i c conduct i vi t y det ect or oper at i ng i n

t he hal ogen, sul f ur , or ni t r ogen mode. These suppl e-

ment al conf i r mat i on t echni ques ar e nor mal l y used

when t he concent r at i ons of pest i ci des exceed 2 wg/ L
i n wat er f or a mi ni mum sampl e si ze of 1 L or 20

l t g/ kg i n bed mat er i al s f or a mi ni mum sampl e si ze

of 50 g dr y wei ght equi val ent .

Al f or d, A. , 1975, Envi r onment al appl i cat i ons of mass spect r ome-

t r y : Bi omedi cal Mass Spect r omet r y v. 2, p. 229- 253 .

Budzi ki ewi cz, A. , Dj er assi , C. , and Wi l l i ams, D. H. , 1967, Mass
spect r omet r y of or gani c compounds : San Fr anci sco, Hol den-

Day, 690 p .

Bur l i ngame, A. L . , Ki mbl e, B. J . , and Der r i k, P. J. , 1976, Mass

spect r omet r y : Anal yt i cal Chemi st r y, v . 48, p . 368R- 403R.

Cr am, S. P. , and Juvet , R. S . , Jr . , 1976, Gas chr omat ogr aphy :

Anal yt i cal Chemi st r y, v . 48, p . 411R- 442R.

Denny, R. C. , 1976, A di ct i onar y of chr omat ogr aphy : New Yor k,

Wi l ey, 191 p .

Guy, H. P . , and Nor man, V. W. , 1970, Fi el d met hods f or measur e-

ment of f l uvi al sedi ment : U. S . Geol ogi cal Sur vey Techni ques

of Wat er - Resour ces I nvest i gat i ons, Book 3, Chapt er C2, 59

P .
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mat ogr aphy : The separ at i on and mi cr oest i mat i on of vol at i l e
f at t y aci ds f r om f or mi c aci d t o dodecanoi c aci d : Bi ochemi cal

Jour nal , v . 50, p. 679- 690 .
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Mar t i n, A. J . P. , and Synge, R. L . M. , 1941, A new f or m of chr o-

mat ogr am empl oyi ng t wo l i qui d phases . I . A t heor y of chr o-
mat ogr aphy . I I . Appl i cat i on t o t he mi cr odet er mi nat i on of t he
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chr omat ogr aphy/ mass spect r omet r y : Appl i cat i ons i n or gani c

anal ysi s : NewYor k, Wi l ey, 463 p .
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Yor k, Benj ami n, 229 p .
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of gas- l i qui d chr omat ogr aphy coupl ed wi t h chemi cal i oni za-
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Anal yt i cal Met hods

Car bon, or gani c, di ssol ved, wet oxi dat i on

( 0- 1100- 83)

Par amet er

	

Code

Car bon, or gani c, di ssol ved, ( mg/ L as C) - - - - - - - - - - - 00681

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he anal ysi s of wat er ,
wat er - suspended- sedi ment mi xt ur es, br i nes, and
wast e wat er s cont ai ni ng at l east 0 . 1 mg/ L of di s-
sol ved or gani c car bon ( DOC) . The met hod i s not
sui t abl e f or t he det er mi nat i on of vol at i l e or gani c
const i t uent s .

2. Summar y of met hod

The sampl e i s aci di f i ed, pur ged t o r emove i nor -
gani c f or ms of car bon, and oxi di zed wi t h per sul f at e
i n an aut ocl ave at 116- 130' C. The r esul t ant car bon
di oxi de i s measur ed by nondi sper si ve i nf r ar ed spec-
t r omet r y .

3. I nt er f er ences

3 . 1

	

I nor gani c f or ms of car bon usual l y pr esent

i n most wat er s ar e r eadi l y conver t ed t o car bon di ox-
i de when aci di f i ed but wi l l i nt er f er e i f t he sampl e i s

not pur ged adequat el y . Pur geabl e or gani c com-

pounds ar e l ost dur i ng t hi s st ep .

3 . 2 Wat er sampl es cont ai ni ng l ar ge concen-

t r at i ons of r educi ng agent s wi l l i nt er f er e by decom-
posi ng t he per sul f at e oxi dant .

4. Appar at us

4 . 1 Ampul es, pr ecombust ed, 10 mL, gl ass,

Oceanogr aphy I nt er nat i onal , or equi val ent .

4 . 2

	

Ampul e pur gi ng and seal i ng uni t , Oce-
anogr aphy I nt er nat i onal , or equi val ent .

4 . 3 Aut ocl ave, Oceanogr aphy I nt er nat i onal

0512AU, or equi val ent .

4 . 4

	

Car bon anal yzer , Oceanogr aphy I nt er na-

t i onal , or equi val ent .

5. Reagent s

Car bon- f r ee r eagent wat er i s r equi r ed . Al l r e-

agent s shoul d be anal yzed t o det er mi ne car bon con-

t ent , and any r eagent t hat yi el ds a si gni f i cant bl ank

val ue shoul d be r ej ect ed .

5 . 1 Car bon st andar d sol ut i on, 1 . 00

mL = 1 . 00 mg C ( car bon) : Di ssol ve 2 . 1254 g pot as-

si um hydr ogen pht hal at e ( pr i mar y st andar d gr ade,

dr i ed at 105 ° C f or 1 h) i n r eagent wat er and di l ut e

t o 1, 000 mL. St or e at 4° C.
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5 . 2

	

Phosphor i c aci d sol ut i on, 1 . 2 N Add 83
mL H3P04 ( 85 per cent ) t o r eagent wat er and di l ut e
t o 1 L wi t h r eagent wat er . St or e i n a t i ght l y st op-
per ed bot t l e .

5 . 3 Pot assi um per sul f at e, r eagent gr ade,
gr anul ar : Fi nel y di vi ded f or ms of t hi s r eagent shoul d
be avoi ded .

6. Pr ocedur e

6 . 1

	

Add 0 . 2 g pot assi um per sul f at e ( a di pper
cal i br at ed t o del i ver 0 . 2 g may be used) and 0 . 5 mL
1 . 2 N phosphor i c aci d sol ut i on t o pr ecombust ed
ampul es .

6 . 2

	

Pi pet ( cl ass A pi pet s ar e r ecommended) a
vol ume of wat er sampl e ( 10 . 0 mL maxi mum) i nt o an
ampul e and adj ust t he vol ume t o 10 mL wi t h r ea
gent wat er . I f t he sampl e cont ai ns pr eci pi t at ed ma-
t er i al , i t shoul d be homogeni zed t o ensur e accur at e
and r epr oduci bl e subsampl i ng.

6 . 3 Pr epar e one r eagent bl ank ( 10 mL r ea-

gent wat er pl us aci d and oxi dant ) f or ever y 15 t o 20
wat er sampl es .

6 . 4

	

Pr epar e st andar ds t o cover t he r ange 0 . 1
t o 40 mg C/ L by di l ut i on of t he car bon st andar d

sol ut i on ( 1 . 00 mL = 1 . 00 mg C.
6 . 5 I mmedi at el y pl ace t he f i l l ed ampul es on

t he pur gi ng and seal i ng uni t and pur ge t hem at 60
mL/ mi n f or 6 mi n wi t h pur i f i ed oxygen .

6 . 6

	

Seal t he ampul es accor di ng t o i nst r uct i ons

i n t he manuf act ur er ' s manual .

6 . 7 Pl ace t he seal ed sampl es, bl anks, and a

set of st andar ds i n ampul e r acks i nsi de an aut ocl ave

and di gest f or 4 h at 116- 130' C.

6 . 8 Set t he sensi t i vi t y r ange of t he car bon

anal yzer uni t by adj ust i ng t he zer o and span con-

t r ol s i n accor dance wi t h i nst r uct i ons i n t he manuf ac-
t ur er ' s manual .

6 . 9

	

Br eak t he combust ed ampul es i n t he cut -

t er assembl y of t he car bon anal yzer , sweep t he car -

bon di oxi de i nt o t he i nf r ar ed cel l wi t h ni t r ogen gas,

and r ecor d t he ar ea of each car bon di oxi de peak .
CAUTI ON: Combust ed ampul es ar e under posi t i ve

pr essur e and shoul d be handl ed wi t h car e t o pr event

t hemf r omexpl odi ng.

7. Cal cul at i ons

7 . 1 Pr epar e an anal yt i cal cur ve by pl ot t i ng

t he peak ar ea of each st andar d ver sus t he concen-

t r at i on ( mg/ L) of t he or gani c car bon st andar ds .

7. 2 The r el at i onshi p bet ween peak ar ea and
car bon concent r at i on i s cur vi l i near . Oper at i ng
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cur ves must be def i ned each day t he sampl es ar e
anal yzed .

7 . 3

	

Det er mi ne t he concent r at i on of di ssol ved

or gani c car bon i n each sampl e by compar i ng i t s peak

ar ea wi t h t he anal yt i cal cur ve .

7 . 4

	

Mul t i pl y t he r esul t of st ep 7 . 3 by t he ap-
pr opr i at e di l ut i on f act or .

8 . Repor t

Repor t di ssol ved or gani c car bon concent r at i on
( DOC) as f ol l ows : l ess t han 10 mg/ L, one deci mal ,
10 mg/ L and above, t wo si gni f i cant f i gur es .

9 . Pr eci si on

9 . 1

	

Mul t i pl e det er mi nat i ons of f our di f f er ent
concent r at i ons of aqueous pot assi um aci d pht hal at e
sampl es at 2 . 00, 5 . 00, 10 . 0, and 40 . 0 mg/ L of car
bon r esul t ed i n mean val ues of 2 . 2, 5 . 3, 9 . 9, and 38

mg/ L and st andar d devi at i ons of 0 . 13, 0 . 15, 0 . 11,

and 1 . 4, r espect i vel y.

9 . 2 The pr eci si on may al so be expr essed i n
t er ms of per cent r el at i ve st andar d devi at i on, as f ol -
l ows :

Sel ect ed r ef er ences

Fr eder i cks, A. D. , 1968, Concent r at i on of or gani c car bon i n t he
Gul f of Mexi co: Of f i ce of Naval Resear ch, Repor t 68- 27T,
65p.

Oceanogr aphy I nt er nat i onal Cor por at i on, 1970, The t ot al car bon
syst em oper at i ng manual : Col l ege St at i on, Tex. , 51 p .

Car bon, or gani c, t ot al , wet oxi dat i on

( 0- 3100- 83)

Par amet er

	

Code

Car bon, or gani c, t ot al ( mg/ L as C - - - - - - - - - - - - - - - 00680

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he anal ysi s of wat er ,
wat er - suspended- sedi ment mi xt ur es, br i nes, and
wast e wat er s cont ai ni ng at l east 0 . 1 mg/ L of t ot al
or gani c car bon ( TOC) . The met hod i s not sui t abl e
f or t he det er mi nat i on of vol at i l e or gani c const i t u-
ent s .

2.

	

Summar y of met hod

The sampl e i s aci di f i ed, pur ged t o r emove i nor -

gani c f or ms of car bon, and oxi di zed wi t h per sul f at e

i n an aut ocl ave at 116- 130' C. The r esul t ant car bon

di oxi de i s measur ed by nondi sper si ve i nf r ar ed spec-

t r omet r y .

3. I nt er f er ences

3 . 1

	

I nor gani c f or ms of car bon usual l y pr esent

i n most wat er s ar e r eadi l y conver t ed t o car bon di ox-

i de when aci di f i ed but wi l l i nt er f er e i f t he sampl e i s

not pur ged adequat el y . Pur geabl e or gani c com-

pounds ar e l ost dur i ng t hi s st ep .

3 . 2 Wat er sampl es cont ai ni ng l ar ge concen-

t r at i ons of r educi ng agent s i nt er f er e by decompos-

i ng t he per sul f at e oxi dant .

4. Appar at us

4 . 1

	

Ampul es, pr ecombust ed, 10 mL, gl ass,

Oceanogr aphy I nt er nat i onal , or equi val ent .

4 . 2 Ampul e pur gi ng and seal i ng uni t , Oce-
anogr aphy I nt er nat i onal , or equi val ent .

4 . 3 Aut ocl ave, Oceanogr aphy I nt er nat i onal

0512AU, or equi val ent .

4 . 4

	

Car bon anal yzer , Oceanogr aphy I nt er na-
t i onal , or equi val ent .

4 . 5 Homogeni zer , Wi l l ems Pol yt r on PT-

10ST, Br i nkman I nst r ument s, or equi val ent .

5. Reagent s

Car bon- f r ee r eagent wat er i s r equi r ed. Al l r e-
agent s shoul d be anal yzed t o det er mi ne car bon con-
t ent , and any r eagent t hat yi el ds a si gni f i cant bl ank
val ue shoul d be r ej ect ed.

5 . 1 Car bon st andar d sol ut i on, 1 . 00

mL = 1 . 00 mg C ( car bon) : Di ssol ve 2 . 1254 g pot as-
si um hydr ogen pht hal at e ( pr i mar y st andar d gr ade,
dr i ed at 105' C f or 1 h i n r eagent wat er and di l ut e t o
1, 000 mL. St or e at 4° C.

5 . 2

	

Phosphor i c aci d sol ut i on, 1 . 2 N. - Add 83
mL H3P04 ( 85 per cent ) t o r eagent wat er and di l ut e
t o 1 L wi t h r eagent wat er . St or e i n a t i ght l y st op-
per ed gl ass bot t l e.

5 . 3 Pot assi um per sul f at e, r eagent gr ade,
gr anul ar : Fi nel y di vi ded f or ms of t hi s r eagent shoul d

be avoi ded .

6 . Pr ocedur e

15

6 . 1

	

Add 0. 2 g pot assi um per sul f at e ( a di pper
cal i br at ed t o del i ver 0 . 2 g may be used) and 0 . 5 mL
of 1 . 2 N phosphor i c aci d sol ut i on t o pr ecombust ed

ampul es .

Number
of Mean

r epl i cat es ( mg/ L)

Rel at i ve st andar d
devi at i on
( per cent )

9 - - - - - - - - - 2 . 2 5 . 9
10 - - - - - - - - - 5 . 3 2 . 8

10 - - - - - - - - - 9 . 9 1 . 1

10 - - - - - - - - 38 3 . 7
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6 . 2 Homogeni ze t he sampl e unt i l i t i s uni -
f or ml y suspended . Ri nse t he homogeni zer wi t h di s-
t i l l ed wat er af t er each use .

6 . 3

	

Pi pet ( cl ass A pi pet s ar e r ecommended) a
vol ume of wat er sampl e ( 10 . 0 mL maxi mum) i nt o an
ampul e and adj ust t he vol ume t o 10 mL wi t h r ea-
gent wat er .

6 . 4 Pr epar e one r eagent bl ank ( 10 mL r ea-
gent wat er pl us aci d and oxi dant ) f or ever y 15 t o 20
wat er sampl es .

6 . 5

	

Pr epar e st andar ds t o cover t he r ange 0 . 1
t o 40 mg C/ L by di l ut i on of t he car bon st andar d
sol ut i on ( 1 . 00 mL = 1 . 00 mg C.

6 . 6 I mmedi at el y pl ace t he f i l l ed ampul es on
t he pur gi ng and seal i ng uni t and pur ge t hem at 60
mL/ mi n f or 6 mi n wi t h pur i f i ed oxygen .

6 . 7

	

Seal t he ampul es accor di ng t o i nst r uct i ons

i n t he manuf act ur er ' s manual .

6 . 8 Pl ace t he seal ed sampl es, bl anks, and a
set of st andar ds i n ampul e r acks, pl ace t he r acks i n
an aut ocl ave, and di gest f or 4 h at 116- 130' C.

6 . 9 Set t he sensi t i vi t y r ange of t he car bon

anal yzer by adj ust i ng t he zer o and span cont r ol s i n

accor dance wi t h i nst r uct i ons i n t he manuf act ur er ' s

manual .

6 . 10

	

Br eak t he combust ed ampul es i n t he cut -
t er assembl y of t he car bon anal yzer , sweep t he car -

bon di oxi de i nt o t he i nf r ar ed cel l wi t h ni t r ogen gas,

and r ecor d t he ar ea of each car bon di oxi de peak.

CAUTI ON: Combust ed ampul es ar e under posi t i ve

pr essur e and shoul d be handl ed wi t h car e t o pr event

t hemf r omexpl odi ng .

7. Cal cul at i ons

7 . 1 Pr epar e an anal yt i cal cur ve by pl ot t i ng

t he peak ar ea of each st andar d ver sus t he concen-

t r at i on ( mg/ L) of t he or gani c car bon st andar ds .

7. 2 The r el at i onshi p bet ween peak ar ea and
car bon concent r at i on i s cur vi l i near . Oper at i ng

cur ves must be def i ned each day t he sampl es ar e

anal yzed.

7 . 3

	

Det er mi ne t he concent r at i on of t ot al or -
gani c car bon i n each sampl e by compar i ng i t s peak

ar ea wi t h t he anal yt i cal cur ve .

7 . 4

	

Mul t i pl y t he r esul t of st ep 7 . 3 by t he ap-

pr opr i at e di l ut i on f act or .

8. Repor t

Repor t t ot al or gani c car bon concent r at i on ( TOC)

as f ol l ows : l ess t han 10 mg/ L, one deci mal ; 10 mg/ L

and above, t wo si gni f i cant f i gur es .

TECHNI QUES OF WATER - RESOURCES I NVESTI GATI ONS

9. Pr eci si on

I t i s est i mat ed t hat t he per cent r el at i ve st andar d
devi at i on f or t ot al or gani c car bon wi l l be gr eat er
t han t hat r epor t ed f or di ssol ved or gani c car bon
( met hod 0- 1100) .

P.

1 . Appl i cat i on

Sel ect ed r ef er ences

Fr eder i cks, A. D. , 1968, Concent r at i on of or gani c car bon i n t he
Gul f of Mexi co : Of f i ce of Naval Resear ch, Repor t 68- 27T,
65

Oceanogr aphy I nt er nat i onal Cor por at i on, 1970, The t ot al car bon
syst emoper at i ng manual : Col l ege St at i on, Tex . , 51 p.

Car bon, or gani c, suspended, wet oxi dat i on

( 0- 7100- 83)

Par amet er

	

Code

Car bon, or gani c, suspended ( mg/ L as C) - - - - - - - - - - 00689

Thi s met hod i s sui t abl e f or t he anal ysi s of sus-

pended or gani c car bon ( SOC) const i t uent s f ound i n
nat ur al wat er s, br i nes, and wast e wat er s . The
met hod i s not sui t abl e f or t he det er mi nat i on of vol a-

t i l e or gani c const i t uent s .

2.

	

Summar y of met hod

The sampl e i s col l ect ed on a si l ver f i l t er , aci di f i ed,
pur ged t o r emove i nor gani c car bon, and oxi di zed

wi t h per sul f at e i n an aut ocl ave at 116- 130' C. The

r esul t ant car bon di oxi de i s measur ed by nondi sper -

si ve i nf r ar ed spect r omet r y.

3. I nt er f er ences

3 . 1

	

I nor gani c f or ms of car bon usual l y pr esent

i n most wat er s ar e r eadi l y conver t ed t o car bon di ox-

i de when aci di f i ed but wi l l i nt er f er e i f t he sampl e i s

not pur ged adequat el y . Pur geabl e or gani c com-

pounds ar e l ost dur i ng t hi s st ep .

3 . 2 Wat er sampl es cont ai ni ng l ar ge concen-
t r at i ons of r educi ng agent s wi l l i nt er f er e by decom-
posi ng t he per sul f at e oxi dant .

4. Appar at us

4 . 1 Ampul es, pr ecombust ed, 10 mL, gl ass,

Oceanogr aphy I nt er nat i onal , or equi val ent .

4 . 2

	

Ampul e pur gi ng and seal i ng uni t , Oce-

anogr aphy I nt er nat i onal , or equi val ent .

4 . 3 Aut ocl ave, Oceanogr aphy I nt er nat i onal

0512AU, or equi val ent .

4 . 4

	

Car bon anal yzer , Oceanogr aphy I nt er na-

t i onal , or equi val ent .



5. Reagent s

Car bon- f r ee r eagent wat er i s r equi r ed. Al l r e-

agent s shoul d be anal yzed t o det er mi ne car bon con-

t ent , and any r eagent t hat yi el ds a si gni f i cant bl ank

val ue shoul d be r ej ect ed.

5 . 1 Car bon st andar d sol ut i on, 1 . 00

mL = 1 . 00 mg C ( car bon) : Di ssol ve 2 . 1254 g pot as-

si um hydr ogen pht hal at e ( pr i mar y st andar d gr ade,

dr i ed at 105° C f or 1 h i n r eagent wat er and di l ut e t o

1, 000 mL. St or e at 4° C.

5 . 2

	

Phosphor i c aci d, 14 . 7 N( 85 per cent ) , r e-

agent gr ade.

5 . 3 Pot assi um per sul f at e, r eagent gr ade,

gr anul ar : Fi nel y di vi ded f or ms of t hi s r eagent shoul d

be avoi ded.

6 . Pr ocedur e

DETERMI NATI ONOF ORGANI C SUBSTANCES I NWATERAND FLUVI AL SEDI MENTS

6 . 1

	

Car ef ul l y r emove t he si l ver f i l t er f r omi t s

cont ai ner wi t h f or ceps and coi l i t i nt o a r ol l about ' A
i nch i n di amet er usi ng a st eel or gl ass mandr i l .

6 . 2

	

Dr op t he coi l ed f i l t er i nt o a pr ecombust ed

gl ass ampul e . Add 0 . 5 mL of 14 . 7 N ( 85 per cent )

phosphor i c aci d and 8 mL r eagent wat er .

6 . 3

	

Repeat st eps 6 . 1 and 6 . 2 usi ng t he bl ank

f i l t er suppl i ed by f i el d per sonnel .

6 . 4

	

Cover t he t op of t he ampul e wi t h al umi -

numf oi l and heat on a st eambat h f or 12 t o 24 h.

6 . 5

	

Pr epar e st andar ds t o cover t he r ange 0 . 1
t o 40 mg C/ L by di l ut i on of t he car bon st andar d
sol ut i on ( 1 . 00 mL= 1 . 00 mg C. Pi pet 10 . 0 mL of
each st andar d i nt o pr ecombust ed gl ass ampul es con-

t ai ni ng 0 . 5 mL of 14. 7 Nphosphor i c aci d .

6 . 6 I nt r oduce 0 . 2 g pot assi um per sul f at e ( a
di pper cal i br at ed t o del i ver 0 . 2 g may be used) and
r i nse down any sol i d adher i ng t o t he neck of t he
ampul e wi t h 2 mL of r eagent wat er .

6 . 7 I mmedi at el y pl ace t he f i l l ed ampul es on

t he pur gi ng and seal i ng uni t and pur ge t hem at 60
mL/ mi n f or 6 mi n wi t h pur i f i ed oxygen .

6 . 8

	

Seal t he ampul es accor di ng t o i nst r uct i ons
i n t he manuf act ur er ' s manual .

6 . 9 Pl ace t he seal ed sampl es, bl anks, and a
set of st andar ds i n ampul e r acks i nsi de an aut ocl ave

and di gest f or 4 h at 116- 130' C.

6 . 10

	

Set t he sensi t i vi t y r ange of t he car bon
anal yzer uni t by adj ust i ng t he zer o and span con-
t r ol s i n accor dance wi t h i nst r uct i ons i n t he manuf ac-
t ur er ' s manual .

6 . 11

	

Br eak t he combust ed ampul es i n t he cut -
t er assembl y of t he car bon anal yzer , sweep t he car -
bon di oxi de i nt o t he i nf r ar ed cel l wi t h ni t r ogen gas,

and r ecor d t he ar ea of each car bon di oxi de peak.

CAUTI ON: Combust ed ampul es ar e under posi t i ve

pr essur e and shoul d be handl ed wi t h car e t o pr event

t hemf r omexpl odi ng .

7 . Cal cul at i ons

7 . 1 Pr epar e an anal yt i cal cur ve by pl ot t i ng

t he peak ar ea of each st andar d ver sus t he concen-

t r at i on ( mg/ L) of t he or gani c car bon st andar ds .

7 . 2 The r el at i onshi p bet ween peak ar ea and

car bon concent r at i on i s cur vi l i near . Oper at i ng

cur ves must be def i ned each day t he sampl es ar e

anal yzed .

7 . 3

	

Cal cul at e t he concent r at i on of suspended

or gani c car bon i n t he or i gi nal wat er sampl e f r omt he

equat i on

S- B
Car bon, suspended or gani c ( mg/ L) =

	

V

17

wher e

S = appar ent car bon concent r at i on of sampl e, i n

mg/ L,

B = appar ent car bon concent r at i on of bl ank, i n

mg/ L,

V = number of l i t er s of wat er f i l t er ed ( i n f i el d) .

8. Repor t

Repor t suspended or gani c car bon concent r at i ons

( SOC) as f ol l ows : l ess t han 10 mg/ L, one deci mal ;

10 mg/ L and above, t wo si gni f i cant f i gur es .

9 . Pr eci si on

I t i s est i mat ed t hat t he per cent r el at i ve st andar d

devi at i on f or suspended or gani c car bon wi l l be

gr eat er t han t hat r epor t ed f or di ssol ved or gani c car -
bon ( met hod 0- 1100) .

Sel ect ed r ef er ences

Menzel , D. W. , and Vacar o, F. F. , 1964, The measur ement of di s-
sol ved or gani c and par t i cul at e car bon i n seawat er : Li mnol o-
gy and Oceanogr aphy, v . 9, p. 138- 142 .

Oceanogr aphy I nt er nat i onal Cor por at i on, 1970, The t ot al car bon

syst emoper at i ng manual : Col l ege St at i on, Tex . , 51 p.

Car bon, i nor gani c pl us or gani c, t ot al i n bot t om
mat er i al , dr y wei ght , i nduct i on f ur nace

( 0- 5101- 83)
Par amet er

	

Code

Car bon, t ot al i n bot t ommat er i al

dr y wei ght ( g/ kg as C) - - - - - - - - - - - - - - - - - - - - - - 00693
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1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on of
t ot al car bon i n bot t om mat er i al at concent r at i ons of
0 . 1 g/ kg and above .

2.

	

Summar y of met hod

A sampl e i s oxi di zed, i n t he pr esence of oxygen
and a cat al yst , i n a cr uci bl e i n an i nduct i on f ur nace .
The car bon di oxi de evol ved i s measur ed by t her mal

conduct i vi t y .

3. I nt er f er ences

Sul f ur , hal i des, and wat er vapor can i nt er f er e but

ar e el i mi nat ed by t r aps. Car bon i mpur i t i es i n t he

r eagent s can i nt er f er e.

4. Appar at us

4 . 1 Car bon det er mi nat or , Leco WR- 12, or

equi val ent , consi st i ng of an oxygen pur i f i cat i on sys-

t em, an i nduct i on f ur nace, dust t r aps, moi st ur e

t r aps, a hal i de t r ap, a sul f ur t r ap, a cat al yt i c f ur -
nace, and t her mi st or cel l s .

4 . 2 Combust i on cr uci bl es, car bon- f r ee, di s-
posabl e, Leco 528- 018, or equi val ent .

4 . 3

	

Dr yer - bal ance, consi st i ng of a Met t l er LP

15 dr yer , a Met t l er PC 440 bal ance, and a Met t l er

GC 301 appl i cat i on i nput devi ce, or equi val ent s .

4 . 4 Gl ass r eagent scoops, Leco 501- 032, or

equi val ent .

4 . 5 Gr i nder , Tor si on MG 2 el ect r i c mor t ar

gr i nder , or equi val ent .

4 . 6

	

Si eves, U. S. No. 18 ( 2- mm openi ng) and

U. S. No . 60 ( 0 . 25- mmopeni ng) .

5 . Reagent s

5 . 1 Car bon st andar ds, 1 g st eel r i ngs con-

5 . 2

	

Cat al yt i c f ur nace r eagent , pl at i num on

si l i ca, Leco 501- 587 .

5 . 3

	

Combust i on accel er at or s

5 . 3 . 1

	

Copper accel er at or , Leco 501- 263, or

equi val ent .

5 . 3 . 2

	

I r on chi p accel er at or , Leco 501- 077,

or equi val ent .

5 . 4

	

Oxygen, commer ci al gr ade .

5 . 5 Sodi um car bonat e, anhydr ous, r eagent

gr ade .

TECHNI QUES OF WATER- RESOURCES I NVESTI GATI ONS

5 . 6

	

Tr ap r eagent s
5 . 6 . 1

	

Anhydr one, Leco 501- 171, or equi va-
l ent , f or moi st ur e t r ap .

5 . 6 . 2

	

Ant i mony, Leco 769- 608, or equi va-
l ent , f or hal i de t r ap .

5 . 6 . 3 Ascar i t e, Leco 183- 001, or equi va-
l ent , f or oxygen pur i f i cat i on syst em.

5 . 6 . 4

	

Manganese di oxi de, Leco 501- 587, or
equi val ent , f or sul f ur t r ap .

6. Pr ocedur e

6 . 1 Si eve t he wet sampl e t hr ough a 2- mm
si eve. Pl ace t he si eved sampl e i n an al umi num pan
t hat has been f i r ed at . 550 ° C f or 1 h and dr y t he
mat er i al at 40' C over ni ght .

6 . 2 Gr i nd t he dr i ed mat er i al i n an el ect r i c

gr i nder , t o a powder t hat passes a No. 60 si eve.
6 . 3

	

To det er mi ne t he per cent of dr y mat er i al ,
t he i ni t i al powder must be wei ghed bef or e dr yi ng.
Dr y an accur at el y wei ghed amount of t he powder

( appr oxi mat el y 1 g) i n a combi nat i on dr yer - bal ance

at 105' C t o a const ant wei ght . Det er mi ne t he per -
cent of dr y mat er i al .

6 . 4 Fol l ow t he i nst r uct i ons i n t he manuf ac-
t ur er ' s manual t o l eak- t est , bl ank, and cal i br at e t he

car bon det er mi nat or .

6 . 5 Pl ace a new combust i on cr uci bl e on an
anal yt i cal bal ance and add 1 g ( maxi mum) of t he
sampl e ( obt ai ned i n st ep 6 . 2) . Recor d t he sampl e

wei ght t o t hr ee si gni f i cant f i gur es .

6 . 6 Add a scoopf ul of i r on chi p accel er at or ,

spr eadi ng i t evenl y over t he sampl e .

6 . 7

	

Add a scoopf ul of copper accel er at or i n a

si mi l ar manner .

6 . 8

	

Combust t he sampl e i n t he det er mi nat or

and r ecor d t he r eadi ng of per cent car bon f or t he

sampl e.

7 . 1

	

Cal cul at e t he wei ght of dr y bot t om mat e-

r i al i n t he sampl e f r omt he equat i on

SxD
W=- ,

100

wher e

W= wei ght of dr y bot t om mat er i al i n sampl e, i n

91

S = wei ght of sampl e, f r omst ep 6 . 5, i n g, and

t ai ni ng known amount s of car bon C. 6 . 9 Repeat t he det er mi nat i on usi ng a smal l er

5 . 1 . 1 Hi gh st andar d, ca . 0 . 8 per cent C, sampl e, i f t he r eadi ng i s hi gher t han 5 . 000 per cent

Leco 501- 506 . C.

5 . 1 . 2 Low st andar d, ca . 0 . 1 per cent C, Leco

501- 502 . 7. Cal cul at i ons



D=per cent of dr y mat er i al i n sampl e, f r omst ep

6. 3 .

DETERMI NATI ONOF ORGANI CSUBSTANCES I NWATERANDFLUVI AL SEDI MENTS

7. 2

	

Cal cul at e t he concent r at i on of car bon i n

t he bot t om mat er i al f r omt he equat i on

C
l OxDVMxC,

( g/ kg) _

	

,
W

wher e

DVM= di r ect r eadout of per cent car bon f or sam-

pl e wei ght as set on compensat or ,

W= wei ght of dr y bot t om mat er i al i n sampl e,

obt ai ned i n st ep 7. 1, i n g, and

CS = compensat or set t i ng, i n g.

8. Repor t

Repor t t ot al car bon concent r at i ons i n bot t om ma-

t er i al as f ol l ows : l ess t han 1 g/ kg, one deci mal ; 1

g/ kg and above, t wo si gni f i cant f i gur es .

9. Pr eci si on

Si ngl e- oper at or pr eci si on dat a f or car bon st eel

st andar ds f or each st andar d ( 10 r epl i cat es each) i s

as f ol l ows :

Car bon

St eel

	

Mean det er mi ned

	

Rel at i ve st andar d
( per cent )

	

( per cent )

	

devi at i on ( per cent )

0. 0440- - - - - - - - - - - - - - - - 0. 0442

	

3 . 6

0 . 166- - - - - - - - - - - - - - - - - 0. 166

	

2 . 1
0 . 941- - - - - - - - - - - - - - - - - 0. 943

	

0 . 86

1 . Appl i cat i on

Sel ect ed r ef er ence

Leco Cor por at i on, I nst r uct i on manual , WR- 12, Car bon det er mi -

nat or , model 761- 100, 1976 : 3000 Lakevi ew Ave . , St . Jo-

seph, MI 49085 .

Car bon, i nor gani c, t ot al i n bot t om mat er i al ,

modi f i ed Van Sl yke ( 0- 5102- 83)

Par amet er

	

Code

Car bon, i nor gani c, t ot al i n bot t ommat er i al ,

dr y wei ght ( g/ kg as C - - - - - - - - - - - - - - - - - - - - - - 00686

Thi s met hod i s sui t abl e f or t he det er mi nat i on of

i nor gani c car bon i n bot t om mat er i al at concent r a-

t i ons of 0. 1 g/ kg and above .

2.

	

Summar y of met hod

Adr y bot t om- mat er i al sampl e i s pl aced i n a modi -

f i ed Van Sl yke appar at us and t r eat ed wi t h aqueous

hydr ochl or i c aci d. The sampl e i s heat ed, and t he
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amount of car bon di oxi de evol ved i s measur ed

manomet r i cal l y .

3. I nt er f er ences

Sul f i des and sul f i t es f or m gaseous hydr ogen sul -

f i de and sul f ur di oxi de, r espect i vel y, i n t he pr esence

of aci d and heat . These gases ar e evol ved f r om t he

sampl e al ong wi t h t he car bon di oxi de and gi ve a

posi t i ve er r or .

4. Appar at us

Number s i n par ent heses r ef er t o f i gur e 1 .

4 . 1

	

Addi t i on t ube ( 1) , 25 mmod ( out si de di -

amet er ) x 30 cm, wi t h 19/ 22 gr ound- gl ass f i t t i ng

and a 120 ° t hr ee- way st opcock ( see i t em 4. 15) , cus-

t om- f i t t ed t o t he condenser ( 4) .

4 . 2 Aut o- bubbl er gas absor pt i on pi pet ( 2) ,

Bur r el l , par t 40- 105- 10 or equi val ent .

4 . 3

	

Bunsen bur ner ( 3) .

4 . 4 Condenser ( 4) , cust om- made, 200 mm

l ong wi t h an expansi on bul b ( 23 mmod) . The con-

denser i s f i t t ed t o t he addi t i on t ube ( 1) , as shown i n

f i gur e 1 .

4 . 5

	

Const ant - t emper at ur e bat h and ci r cul a-

t or ( 5) , For ma Sci ent i f i c 2006, or equi val ent .

4. 6

	

Dr yer - bal ance, consi st i ng of a Met t l er LP

15 dr yer , a Met t l er PC 440 bal ance, and a Met t l er

GC 301 appl i cat i on i nput devi ce, or equi val ent s .

4 . 7 Funnel ( 6) , cust om- made, 100- mL or

gr eat er capaci t y, wi t h a 19/ 22 gr ound- gl ass j oi nt .

4 . 8 Gas bur et ( 7) , 100- mL capaci t y, Ki max

30025- A, or equi val ent , f i t t ed t o st opcock ( 13) ( see

i t em 4. 15) .

4 . 9

	

Gas bur et cool i ng j acket ( 8) , 25 mmodx

30 cm, cust om- made t o encase t he bur et ( 7) .

4 . 10 Gr i nder , Tor si on MG 2 el ect r i c mor t ar

gr i nder , or equi val ent .

4 . 11 Level i ng bul b r eser voi r s A ( 9) and B

( 10) , 250- mL capaci t y, Cor ni ng 2080, or equi val ent .

4 . 12

	

Rubber st opper ( 11) , si ze 6, one hol e .

4 . 13

	

Sampl e vi al ( 12) , cust om- made, 25 mL

capaci t y, 25 mmi d ( i nsi de di amet er ) x 85 mmr ound-

bot t om Pyr ex t ube, f l anged t o f i t t i ght l y ar ound t he

r ubber st opper ( 12) .

4. 14

	

Si eves, met al , U. S. No . 18 ( 2- mmopen-

i ng) , 15 cmi d, and U. S . No. 60 ( 0 . 25- mm openi ng) ,

18 . 7 cmi d .

4. 15

	

St opcocks A ( 13) and B ( 14) t hr ee- way,

120' , nar r owbor e, Ki max 4160F, or equi val ent .

4. 16

	

Tygon t ubi ng ( 15) , ' / 4 i n i d, I / 16 i n wal l ,

used t o make connect i ons i n t he appar at us .
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Fi gur e l . - Appar at us f or t he manomet r i c det er mi nat i on of car bon di oxi de .



5 . Reagent s

5 . 1

	

Hydr ochl or i c aci d, 3 . 2 N Add 270 mL

concent r at ed HCl ( sp . gr . 1 . 19) t o 500 mL dei oni zed

wat er . CAUTI ON: Add t he aci d sl owl y wi t h st i r r i ng.

Al l ow t o cool t o r oomt emper at ur e and di l ut e t o 1L

wi t h dei oni zed wat er .

5 . 2 Sodi um car bonat e, anhydr ous, r eagent

gr ade : Dr y t he mat er i al at 105 ° C f or at l east 1 h
and st or e i n a desi ccat or .

5 . 3

	

Sodi um hydr oxi de, 10 N Di ssol ve 400 g

NaOH i n 500 mL dei oni zed wat er . CAUTI ON: Add

t he pel l et s sl owl y wi t h st i r r i ng . Al l owt o cool t o r oom

t emper at ur e and di l ut e t o 1 L .

5 . 4

	

Sul f ur i c aci d, 7 . 2 N Add 200 mL con-

cent r at ed H2SO4 ( sp . gr . 1 . 84) t o 500 mL dei oni zed

wat er . CAUTI ON: Add t he aci d sl owl y wi t h st i r r i ng.

Al l ow t o cool t o r oomt emper at ur e and di l ut e t o 1 L.
Add 5 mg of met hyl r ed i ndi cat or .

6 . Pr ocedur e

DETERMI NATI ONOF ORGANI CSUBSTANCES I NWATERANDFLUVI AL SEDI MENTS

6 . 1

	

Set up t he appar at us as f ol l ows :

6 . 1 . 1

	

Assembl e t he appar at us as i n f i gur e

1 .

6 . 1 . 2

	

Add 7 . 2 NH, S04 t o l evel i ng bul b A

( 9) and t he gas bur et as f ol l ows :

6 . 1 . 2 . 1

	

Tur n st opcock A ( 13) t o t he posi -

t i on t hat connect s t he l ef t ar mwi t h t he gas bur et .

6 . 1 . 2 . 2

	

Add 200 mL of 7 . 2 NH2 SO4 t o

l evel i ng bul b A ( 9) and f i l l t he gas bur et by r ai si ng

t he l evel i ng bul b unt i l t he bur et i s f i l l ed j ust t o st op-

cock A ( 13) .

6 . 1 . 2 . 3

	

Cl ose st opcock A ( 13) . Lower l ev-

el i ng bul b A ( 9) and pl ace i t i n a r i ng suppor t . The

suppor t must be posi t i oned appr oxi mat el y 50 cm
bel ow st opcock A ( 13) .

6 . 1 . 3

	

Add 10 NNaOH sol ut i on t o l evel i ng

bul b B ( 10) and t o t he aut o- bubbl er ( 2) as f ol l ows :

6 . 1 . 3 . 1

	

Tur n st opcock A ( 13) t o t he posi -
t i on t hat connect s bot h ar ms.

6 . 1 . 3 . 2

	

Mar k a l i ne about 1 cmabove t he

check val ve ( 16) of t he aut o- bubbl er ( 2) .

6 . 1 . 3 . 3 Fi l l t he aut o- bubbl er ( 2) t o t he

mar k ( st ep 6 . 1 . 3 . 2) by addi ng 200 mL of 10 N

NaOH sol ut i on t o l evel i ng bul b B ( 10) and r ai si ng

t he bul b .

6 . 2

	

Ci r cul at e t apwat er t hr ough t he appar at us

unt i l a const ant t emper at ur e i s achi eved . Recor d t he

t emper at ur e t o t he near est 0 . 1 ° C.

6 . 3 Recor d t he at mospher i c pr essur e t o t he
near est mmof mer cur y .

( 1

2 1

6 . 4

	

Cal i br at e t he syst em as f ol l ows :

6 . 4 . 1

	

Wei gh 50 t o 80 mg sodi um car bonat e

on an anal yt i cal bal ance. Recor d t he wei ght t o t he

near est 0 . 1 mg.

6 . 4 . 2 Tr ansf er t he sodi um car bonat e t o a

sampl e vi al . Add t wo boi l i ng chi ps, and secur e t he

vi al t o t he r ubber st opper ( 11) by appl yi ng an up-

war d, t wi st i ng mot i on .

6 . 4 . 3

	

Cl ose st opcock B ( 14) .

6 . 4 . 4

	

Tur n st opcock A ( 13) t o t he posi t i on

t hat connect s t he l ef t ar mwi t h t he gas bur et .

6 . 4 . 5

	

Pour appr oxi mat el y 20 mL of 3 . 2 N

HCl i nt o t he f unnel ( 6) .

6 . 4 . 6

	

Open st opcock B ( 14) t o t he posi t i on

t hat connect s t he addi t i on t ube ( 1) wi t h t he sampl e

vi al . Al l ow 15 mL of 3 . 2 NHCl t o f l ow i nt o t he vi al .

CAUTI ON: Add t he aci d sl owl y . Do not al l ow t he
aci d l evel i n t he addi t i on t ube t o r each st opcock B

4) .

6 . 4 . 7 Heat t he bot t om of t he vi al f or at

l east 2 mi n unt i l no mor e gas i s evol ved . Thi s can be

det er mi ned by wat chi ng t he l i qui d l evel i n t he bur et .

6 . 4 . 8

	

Tur n of f t he bur ner and f i l l t he addi -
t i on t ube ( 1) and t he f unnel ( 6) wi t h wat er .

6 . 4 . 9

	

Open st opcock B ( 14) t o t he posi t i on
t hat connect s t he addi t i on t ube ( 1) wi t h t he sampl e

vi al and f l ood t he pat h f r omt he sampl e vi al t o st op-

cock A ( 13) . Cl ose st opcock A ( 13) .

6 . 4 . 10

	

Move l evel i ng bul b A ( 9) next t o t he
bur et and posi t i on i t so t hat t he l i qui d i n t he bul b
and i n t he bur et ar e at t he same l evel .

6 . 4 . 11

	

Read and r ecor d t he vol ume of gas

i n t he bur et , t o t he near est 0 . 1 mL .

6 . 4 . 12

	

Rai se l evel i ng bul b A ( 9) and t ur n

st opcock A ( 13) t o t he posi t i on t hat connect s t he
bur et wi t h t he aut o- bubbl er ( 2) . Push t he gas f r om
t he bur et i nt o t he aut o- bubbl er by r ai si ng l evel i ng

bul b A ( 9) unt i l t he H2 SO4 i n t he bur et r eaches st op-

cock A ( 13) .

6 . 4 . 13

	

Lower l evel i ng bul b A ( 9) unt i l t he
NaOH l evel i n t he aut o- bubbl er ( 2) r eaches i t s or i gi -
nal l evel ( st ep 6 . 1 . 3 . 2) .

6 . 4 . 14

	

Rai se and l ower l evel i ng bul b A ( 9)
as i n st eps 6 . 4 . 12 and 6 . 4 . 13, t wo mor e t i mes . Fi ni sh

wi t h t he NaOH at i t s or i gi nal l evel .

6 . 4 . 15

	

Cl ose st opcock A ( 13) and posi t i on
l evel i ng bul b A ( 9) as i n st ep 6 . 4 . 10 .

6 . 4 . 16

	

Read and r ecor d t he vol ume of gas
i n t he bur et , t o t he near est 0 . 1 mL.

6 . 4 . 17 Cal cul at e ( see st eps 7 . 1- 7 . 3) t he
concent r at i on of car bon i n t he Na 2 CO3 . I f r ecover y i s
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at l east 95 per cent , pr oceed t o st ep 6 . 5 . I f r ecover y

i s l ess t han 95 per cent , check f or l eaks and ensur e

t hat t he pH of t he NaOH i s no l ess t han 14 . Cor r ect

any pr obl ems and r epeat t he anal ysi s ( st eps

6 . 4 . 1- 6 . 4 . 16) unt i l a r ecover y of at l east 95 per cent

i s at t ai ned .

6 . 5

	

Pr epar e f or t he next det er mi nat i on by r e-

t ur ni ng l evel i ng bul b A ( 9) t o a posi t i on above st op-

cock A ( 13) , r emovi ng t he vi al , openi ng st opcock A

( 13) and al l owi ng t he l i qui d above t he vi al t o empt y

i nt o a wast e cont ai ner .

6 . 6 Cl ose st opcock A ( 13) when t he H2SO4
l evel r eaches t he st opcock .

6 . 7 Pr epar e t he sampl e f or anal ysi s as f ol -

l ows:

6 . 7 . 1 Si eve t he wet sampl e t hr ough a 2-

mmsi eve. Pl ace t he sampl e i n an al umi numpan t hat

has been f i r ed at 550 ° C f or 1 h . Dr y t he mat er i al at

40' C over ni ght .

6 . 7 . 2

	

Gr i nd t he dr i ed mat er i al i n an el ect r i c

gr i nder t o a powder t hat passes a No . 60 si eve .

6 . 7 . 3

	

Dr y an accur at el y wei ghed amount of

t he powder ( appr oxi mat el y 1 g) i n a combi nat i on

dr yer - bal ance at 105' C t o a const ant wei ght . Det er -

mi ne t he per cent of dr y mat er i al .

6 . 8

	

Anal yze t he sampl e as f ol l ows :

6 . 8 . 1 Wei gh appr oxi mat el y 2 g of sampl e

obt ai ned i n st ep 6 . 7 . 2, t o t he near est mg.

6 . 8 . 2

	

Tr ansf er t he sampl e t o a sampl e vi al

usi ng a smal l f unnel . Add t wo boi l i ng chi ps, and

secur e t he vi al t o t he r ubber st opper by appl yi ng a

sl i ght upwar d, t wi st i ng mot i on .

6 . 8 . 3

	

Pl ace l evel i ng bul b A ( 9) i n a posi t i on

appr oxi mat el y 50 cm bel ow st opcock A ( 13) and

r epeat st eps 6 . 4 . 3- 6 . 4 . 16, 6 . 5, and 6 . 6 .

6 . 8 . 4 Repeat t he anal ysi s wi t h a smal l er

sampl e i f t he vol ume of evol ved car bon di oxi de ex-

ceeds t he vol ume measur abl e i n t he syst em ( appr ox-

i mat el y 20 mL) .

7 . Cal cul at i ons

7 . 1

	

Cal cul at e t he wei ght of dr y bot t om mat e-

r i al i n t he sampl e f r omt he equat i on

_ SxD

W 100

wher e

W= wei ght of dr y bot t om mat er i al i n sampl e, i n

91

TECHNI QUES OF WATER- RESOURCES I NVESTI GATI ONS

S = wei ght of sampl e, f r om st ep 6 . 8 . 1, i n g, and

D= per cent of dr y mat er i al i n sampl e, f r om st ep

6 . 7 . 3 .

7 . 2 Cal cul at e t he vol ume of car bon di oxi de

evol ved f r omt he sampl e f r omt he equat i on

1%' = vi - Vf

wher e

V= vol ume of car bon di oxi de evol ved f r omsam-

pl e, i n mL,

Vi = vol ume r eadi ng f r om st ep 6 . 4 . 11, i n mL, and

Vf = vol ume r eadi ng f r om st ep 6 . 4 . 16, i n mL.

7 . 3

	

Cal cul at e t he i nor gani c car bon concent r a-
t i on i n t he or i gi nal sampl e f r omt he equat i on

V 273° C
C( g/ kg) = WX

273 ° C+ t

Pat m- Pwat er

x

	

760 mm

	

X 22 . 4

wher e

V=vol ume of car bon di oxi de evol ved f r om

sampl e, f r omst ep 7 . 2, i n mL,

W= wei ght of dr y bot t om mat er i al i n sampl e,

f r omst ep 7 . 1, i n g,

t = t emper at ur e of car bon di oxi de, f r om st ep

6 . 2, i n ° C

Pat m = at mospher i c pr essur e det er mi ned i n st ep

6 . 3, i n r nmof mer cur y, and

Pwat er = vapor pr essur e of wat er at t emper at ur e

t , f r om a r ef er ence sour ce, i n mm of

mer cur y .

8. Repor t

12 . 0

Repor t i nor gani c car bon i n bot t om mat er i al as

f ol l ows : l ess t han 10 g/ kg, one deci mal ; 10 g/ kg and

above, t wo si gni f i cant f i gur es .

9 . Pr eci si on

Pr eci si on dat a ar e not avai l abl e .

Sel ect ed r ef er ences

Rader , L. F. , and Gr i mal di , F . S . , 1961, Chemi cal anal yses f or

sel ect ed mi nor el ement s i n Pi er r e shal e: U. S . Geol ogi cal Sur -

vey Pr of essi onal Paper : 391- A, 45 p.

Van Sl yke, D. D. , and Fol ch, J . , 1940, Manomet r i c car bon det er -

mi nat i on : Jour nal of Bi ol ogi cal Chemi st r y, v . 136, p . 509-

541 .



1 . Appl i cat i on

3. I nt er f er ences

DETERMI NATI ONOF ORGANI C SUBSTANCES I NWATERANDFLUVI AL SEDI MENTS

Car bon, or gani c, di ssol ved, f r act i onat i on

( 0- 1103- 83)

Par amet er

	

Code

Car bon, or gani c, di ssol ved, f r act i onat i on - - - None assi gned .

Di ssol ved or gani c car bon f r act i onat i on anal ysi s

can be appl i ed t o wat er sampl es whose DOC concen-

t r at i ons r ange bet ween 5 and 25 mg/ L and whose

speci f i c conduct ance i s l ess t han 2, 000 l t mhos/ cm at

25 ° C. Wat er sampl es whose DOC i s l ess t han 5

mg/ L can be f r eeze- concent r at ed t o t he speci f i c con-

duct ance l i mi t . DOC concent r at i ons gr eat er t han 25

mg/ L need t o be di l ut ed wi t h or gani c car bon- f r ee

r eagent wat er t o appr oxi mat el y 25 mg/ L DOC pr i or

t o anal ysi s . DOC t hat i s suf f i ci ent l y vol at i l e t o be

l ost dur i ng a 6 mi n gas pur ge of an aci di f i ed sampl e

i s not i ncl uded i n t he f r act i onat i on .

2.

	

Summar y of met hod

A f l ow char t of t he anal yt i cal scheme of DOC

f r act i onat i on anal ysi s i s gi ven i n f i gur e 2 .

2 . 1

	

Di ssol ved or gani c car bon i s f i r st f r act i on-

at ed and cl assi f i ed as hydr ophobi c or hydr ophi l i c or -

gani c sol ut e on t he basi s of t he sol ut e' s capabi l i t y f or

physi cal adsor pt i on . Hydr ophobi c or gani c sol ut es ar e

separ at ed f r omhydr ophi l i c or gani c sol ut es by physi -

cal adsor pt i on of hydr ophobi c sol ut es upon Amber -

l i t e- XAD- 8 r esi n. Bot h t he hydr ophobi c and hydr o-

phi l i c or gani c sol ut e cl asses ar e secondar i l y

f r act i onat ed i nt o aci d, base, and neut r al compound

cl asses, t hus gi vi ng a t ot al of si x char act er i st i c DOC

f r act i ons. The pr ocedur e r equi r es 2 days t o com-

pl et e .

2 . 2 Hydr ophobi c aci ds and bases ar e sel ec-

t i vel y desor bed f r om XAD- 8 r esi n wi t h aqueous al -
kal i and aci d, r espect i vel y. Hydr ophobi c neut r al sol
ut es ar e not desor bed wi t h aqueous sol vent s. Af t er

r emoval of t he hydr ophobi c sol ut es f r om sol ut i on by

adsor pt i on upon XAD- 8 r esi n, t he hydr ophi l i c sol -

ut es ar e f r act i onat ed by sel ect i vel y adsor bi ng hydr o-
phi l i c bases as cat i ons on a cat i on- exchange r esi n,
f ol l owed by sel ect i ve adsor pt i on of t he ani oni c hy-

dr ophi l i c aci ds upon an ani on exchange r esi n. Hy-

dr ophi l i c neut r al or gani c sol ut es ar e not adsor bed by
any of t he adsor bent s . The f r act i onat i on i s based on
an or gani c car bon mat er i al s bal ance usi ng DOC as
t he quant i f yi ng par amet er .

3 . 1 Wat er sampl es whose speci f i c conduc-

t ance exceed 2, 000 gmhos/ cm cont ai n i nor gani c

2 3

i oni c sal t s i n concent r at i ons t hat exceed t he capaci t y

of t he i on- exchange r esi ns . These sampl es can be

anal yzed i f t he DOC exceeds 5 mg/ L af t er t he sam-

pl e i s di l ut ed wi t h r eagent wat er t o a speci f i c con-

duct ance of 2, 000 l amhos/ cm.

3 . 2

	

A f ew sampl es wi l l f or m or gani c pr eci pi -

t at es when t hey ar e aci di f i ed t o pH 2 i n t he anal yt i -

cal f r act i onat i on scheme . Car e shoul d be t aken t o

suspend t hese pr eci pi t at es by st i r r i ng, so t hat t hey

ar e i ncor por at ed i nt o t he col umn cont ai ni ng XAD- 8

r esi n.

3 . 3 Col l oi dal cl ay wi l l f oul t he r esi n ad-

sor bent s . Al l sampl es shoul d be f i el d- f i l t er ed pr i or t o

anal ysi s t o r emove par t i cul at e and col l oi dal mat er i al .

3 . 4

	

Al l r eagent s must be t est ed f or cont ami -

nat i on by r unni ng r eagent bl anks .

4. Appar at us

4 . 1

	

Car bon anal yzer s

4 . 1 . 1

	

Beckman 915, or equi val ent .

4 . 1 . 2 Oceanogr aphy I nt er nat i onal , or

equi val ent .

4 . 2

	

Cl amps : Si ze 18 pi nch cl amps wi t h com-

pr essi on scr ew f or bal l - and- socket j oi nt s .

4 . 3 Col umns : Al l col umns ar e cust om- pr e-

par ed f r om 11 mm od ( out si de di amet er ) x 7 mmi d

( i nsi de di amet er ) Pyr ex gl ass t ubi ng, and ar e con

nect ed wi t h 18/ 7 bal l - and- socket gr ound- gl ass

j oi nt s .

4 . 3 . 1 Ani on- exchange col umns : Two col -

umns ar e needed . They ar e 18 cml ong bet ween t he

base of t he socket j oi nt at t he t op of t he col umn and

t he 6 mmod x 2 mmi d gl ass ni ppl e at t he bot t om of

t he col umn. Col umn capaci t y i s appr oxi mat el y 6 mL.

4 . 3 . 2

	

Cat i on- exchange col umn: The col umn

i s 10 cml ong bet ween t he base of t he socket j oi nt on

t he t op and t he f our i ndent at i ons used t o hol d t he

gl ass- wool pl ug above t he bal l j oi nt on t he bot t om.

Col umn capaci t y i s appr oxi mat el y 2 . 5 mL. I ndent a-

t i ons ar e 1 cmf r omt he bal l j oi nt .

4 . 3 . 3

	

XAD- 8 col umn: The col umn i s 8 cm

l ong bet ween t he f our i ndent at i ons at t he ends of

t he col umn . Bal l j oi nt s ar e f used t o bot h ends of t he

col umn above and bel ow t he i ndent at i ons . Col umn

capaci t y i s appr oxi mat el y 3 mL. I ndent at i ons ar e 1

cmf r omt he bal l j oi nt s .

4 . 3 . 4

	

Tubi ng- col umn adapt or s : Two sock-

et - j oi nt and t wo bal l j oi nt f i t t i ngs f used t o 6 mm

od x 2 mm i d gl ass ni ppl es ar e adapt or s, whi ch en

abl e connect i on of t he Tef l on t ubi ng t o t he col umns .



24

	

TECHNI QUES OFWATER- RESOURCESI NVESTI GATI ONS

DOC 1

Adj ust sampl e pH t o 2

wi t h HCI

DOC 6

Fi gur e 2 . - Di ssol ved or gani c car bon f r act i onat i on anal yt i cal scheme .

3 mL AG- 50 BI O RAD

H+ sat ur at ed cat i on-

exchange r esi n

6 mL AG- MP- 1 BI O RAD

OH- sat ur at ed ani on-

exchange r esi n

St ep 1 St ep 2 St ep 3 St ep 4

200 mL f i l t er ed sampl e El ut e wi t h Sampl e at El ut e wi t h

at pH 7 0. 1 N HCI pH 2 0. 1 N NaOH



t y .

5. Reagent s

DETERMI NATI ONOF ORGANI C SUBSTANCES I N WATERANDFLUVI AL SEDI MENTS

4 . 4 Ext r act i on appar at us, Soxhl et : 145 mL

t hi mbl e capaci t y, 300 mL f l ask capaci t y .

4 . 5

	

Gr aduat e cyl i nder s : One 200 mL capaci -

t y and f i ve 25 mL capaci t y, wi t h gr ound- gl ass st op-

per s .

4 . 6

	

Pump : Col e Pal mer Mast er f l ex wi t h si l i -

cone- r ubber t ubi ng ( 1- 5 mL/ mi n) , or equi val ent .

4 . 7

	

Tubi ng, Tef l on : 4 i n od x . 085 i n i d ( 32

mmod x 22 mmi d) .

4 . 8

	

Si l ver membr ane f i l t er : 0. 45 gm por osi -

5 . 1

	

Acet oni t r i l e : Reagent gr ade .

5 . 2

	

Di et hyl et her : Reagent gr ade .

5 . 3

	

Gl ass wool : Fi ne f i ber . Cl ean by Soxhl et

ext r act i on wi t h met hanol f or 24 h .

5 . 4

	

Hydr ochl or i c aci d, 1 . 0 Nand 0 . 1 NPr e-

par ed by di l ut i ng 82 . 9 and 8 . 29 mL of concent r at ed

HCl ( sp . gr . 1 . 19) t o 1 L, r espect i vel y, i n car bon- f r ee

di st i l l ed wat er .

5 . 5

	

Met hanol : Reagent gr ade .

5 . 6

	

Resi n adsor bent s : Al l adsor bent s must be

ext ensi vel y cl eaned bef or e use .

5 . 6 . 1 Ani on- exchange r esi n : Bi oRad AG-

MP- 1, 20- 50 mesh, chl or i de- sat ur at ed . Cl ean by

Soxhl et ext r act i on wi t h met hanol f or 24 h . St or e i n

met hanol .

5 . 6 . 2

	

Cat i on- exchange r esi n : Bi oRad AG-

MP- 50, 20- 50 mesh, hydr ogen- sat ur at ed. Cl ean by

Soxhl et ext r act i on wi t h met hanol f or 24 h . St or e i n

met hanol .

5 . 6 . 3 XAD- 8 r esi n : Avai l abl e f r om Rohm

and Hass, 20- 50 mesh . Cl ean t he XAD- 8 r esi n by

f i r st sl ur r yi ng wi t h 0. 1 NNaOH, and t hen decant i ng

of f t he f i nes, and st or e i n 0 . 1 NNaOH f or 24 h.

Decant t he sodi um hydr oxi de, sl ur r y i n met hanol ,

and decant of f t he f i nes wi t h t he met hanol . Per f or m

sequent i al 24- h Soxhl et ext r act i ons wi t h met hanol ,

acet oni t r i l e, and di et hyl et her . St or e r esi n i n met ha-

nol .

5 . 7

	

Sodi um hydr oxi de, 2

	

N, 1

	

N, 0 . 1 N-

Pr epar ed by di ssol vi ng 80 g, 40 g, and 4 g, r espec-

t i vel y, of anal yt i cal r eagent - gr ade sodi um hydr oxi de

i n 1 L of car bon- f r ee di st i l l ed wat er . Pur i f y by pass-
i ng t hr ough OH- sat ur at ed AG- MP- 1 ani on- ex-

change r esi n .

5 . 8

	

Wat er , car bon f r ee : Pr epar e by doubl e

di st i l l at i on of t apwat er i n a gl ass st i l l . Pr epar e bul k

quant i t i es of 50 L or mor e per bat ch and st or e i n

25

cl ean gl ass cont ai ner s . Wat er bl ank shoul d be <0 . 2

mg/ L DOC.

6 . Pr ocedur e

6 . 1

	

Sampl es need t o be col l ect ed i n or gani c-

f r ee gl ass cont ai ner s . Fi l t er 200 mL of sampl e on-

si t e t hr ough a si l ver membr ane f i l t er of 0 . 45gm po

r osi t y . Chi l l on i ce ( r ecommended met hod of sampl e

pr eser vat i on) .

6 . 2

	

I ni t i al par amet er s: Bef or e pr epar i ng t he

col umns, t ake t wo 10- mL al i quot s of sampl e f or

DOC anal ysi s ( DOC 1 i n f i g. 2) . Take a t hi r d 10- mL

al i quot and det er mi ne pH and speci f i c conduct ance .

I f t he pH i s l ess t han 6. 5, car ef ul l y adj ust t he pH of

t he sampl e t o 7 . 0 by dr opwi se addi t i on of 1 . 0 N

NaOH. Once t he DOC and speci f i c conduct ance pa-

r amet er s ar e known, di l ut e or concent r at e t he sam-

pl e as speci f i ed i n t he sect i on on " Appl i cat i on . "

6 . 3

	

Col umn packi ng and f i nal r esi n pur i f i -

cat i on : The f i nal t asks i n t he r esi n pur i f i cat i on pr o-

cedur e ar e done af t er t he col umns ar e packed wi t h

t he r esi n adsor bent s . Al l t hr ee col umns shoul d be

packed at t he same t i me so t he r eagent sol ut i ons

used t o pr epar e t he col umns can be pumped t hr ough

t he col umns si mul t aneousl y . Al l r esi n adsor bent s ar e

used onl y once .

6 . 3 . 1 Ani on- exchange col umn: Pl ace a

smal l gl ass- wool pl ug i n t he bot t om of t he ani on-

exchange col umn . Pack a 6- mL bed of pur i f i ed

AG- MP- 1 r esi n by pour i ng t he r esi n sl ur r i ed i n

met hanol i nt o t he col umn . Do not l et t he col umn r un

dr y dur i ng t he packi ng pr ocedur e. Al ways keep

met hanol or wat er above t he r esi n bed i n t he col -

umn. Pack t wo col umns . Connect t he packed col -

umns i n ser i es t o t he t r ansf er t ubi ng and pump ; t hen

pass 100 mL of r eagent wat er , 100 mL of 1 . 0 N

HCI , 100 mL of 2 NNaOH, and 50 mL of r eagent

wat er t hr ough t he t wo col umns at 4 mL/ mi n. Di s-

connect t he col umns and di scar d t he r esi n i n t he f i r st

col umn of t he ser i es . The f i r st col umn ser ves as a

pr e- col umn t o adsor b r eagent cont ami nant s whi ch

ar e usual l y pr esent i n t he sodi um hydr oxi de . The

second col umn i s used i n t he anal ysi s . For best r e-

sul t s, use t he pr epar ed ani on- exchange col umn i m-

medi at el y, as t he hydr oxi de- sat ur at ed r esi n i s unst a-

bl e over t i me and t he bl ank or gani c car bon val ues

i ncr ease dur i ng st or age .

6 . 3 . 2 Cat i on exchange col umn: Pl ace a

gl ass- wool pl ug at t he f our i ndent at i ons at t he bot -

t om of t he cat i on- exchange col umn . Pack a 3- mL
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bed of pur i f i ed AG- MP- 50 r esi n usi ng t he pr oce-

dur e speci f i ed i n st ep 6 . 3 . 1 . Connect t he packed col -
umn t o t he t r ansf er t ubi ng and pump; t hen pass 100
mL of r eagent wat er , 100 mL of 1 . 0 NNaOH, 100
mL of 1 . 0 N HCl , and 50 mL of r eagent wat er

t hr ough t he col umn at 4 mL/ mi n. Do not l et t he
col umn r un dr y af t er i t i s pr epar ed.

6 . 3 . 3 .

	

XAD- 8 col umn : Pl ace a gl ass- wool

pl ug at t he f our i ndent at i ons at one end of t he col -
umn. Pack a 3- mL bed of pur i f i ed XAD- 8 r esi n
usi ng t he pr ocedur e speci f i ed i n st ep 6 . 3 . 1, and pl ace
a second gl ass- wool pl ug at t he f our i ndent at i ons
above t he r esi n bed. Connect t he packed col umn t o
t he t r ansf er t ubi ng and pump; t hen pass 500 mL of
r eagent wat er , 50 mL of 0 . 1 NHCI , 50 mL of met h-
anol , and 100 mL of r eagent wat er t hr ough t he
col umn at 4 mL/ mi n . Do not l et t he col umn r un dr y

af t er i t i s pr epar ed.

6 . 4

	

Af t er t he t hr ee col umns ar e packed and

pr epar ed, cl amp t he t hr ee col umns t oget her i n t he
f ol l owi ng ser i es : XAD- 8 col umn f i r st , cat i on- ex
change col umn second, ani on- exchange col umn

t hi r d. Connect t he col umn ser i es t o t he t r ansf er t ub-

i ng and pump, and pass r eagent wat er t hr ough t he

col umns at 4 mL/ mi n unt i l t he DOC i n t he ef f l uent i s

1 . 0 mg/ L or l ess, as moni t or ed by t he Beckman 915

or gani c car bon anal yzer . The vol ume of wat er

needed t o r i nse t he r esi dual met hanol f r om t he col -

umns var i es bet ween 1 and 2 L. Thi s i s t he best

poi nt i n t he 2- day anal yt i cal pr ocedur e f or t he over -

ni ght pause.

6 . 5 Just bef or e t he sampl e i s anal yzed, di s-

connect t he XAD- 8 col umn and pump 50 mL of

0 . 1 NNaOH, f ol l owed by 100 mL of r eagent wat er ,

at 4 mL/ mi n t hr ough t he XAD- 8 col umn, t o desor b

any hydr ophobi c aci d cont ami nant s t hat may have

been pr evi ousl y adsor bed f r omt he r eagent pur i f i ca-

t i on sol vent s .

6 . 6 Pump t he wat er sampl e t hr ough t he

XAD- 8 col umn at 2 mL/ mi n and col l ect pr eci sel y

160 mL of el uent i n a 200- mL gl ass- st opper ed gr ad

uat e cyl i nder . Fol l owt he sampl e wi t h a 20- mL wash

of r eagent wat er so t hat a t ot al of 180 mL ar e

col l ect ed .

6 . 7

	

Pump 0 . 1 NHCI t hr ough t he XAD- 8 col -

umn at 1 mL/ mi n unt i l 23 mL ar e col l ect ed . Col l ect

23 mL of 0 . 1 NHCI i n a 25- mL gr aduat e cyl i nder

havi ng a gl ass st opper . Thi s f r act i on i s used t o de-

t er mi ne DOC 2 ( see f i g. 2) .

6 . 8 Car ef ul l y adj ust t he pH of t he sampl e

el uent f r om 6 . 6 t o 2 . 0 by dr opwi se addi t i on of con-

cent r at ed HCI , whi l e st i r r i ng t he sampl e .
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6 . 9

	

Reconnect t he XAD- 8 col umn as gi ven i n
st ep 6 . 4, pump t he 180 mL of aci di f i ed sampl e

t hr ough t he col umn ser i es, and t ake al i quot s f or

DOC det er mi nat i on i n t he f ol l owi ng sequence :

6 . 9 . 1

	

Di scar d t he f i r st 50 mL of sampl e el -
uat e. Thi s vol ume i s di l ut ed wi t h r eagent wat er f r om
t he dead vol ume i n t he t hr ee col umns.

6 . 9 . 2

	

Col l ect t he next 23 mL of el uat e i n
25- mL gl ass- st opper ed gr aduat e cyl i nder . Thi s f r ac-
t i on i s used t o det er mi ne DOC 6 ( see f i g. 2) .

6 . 9 . 3 Di sconnect t he ani on- exchange col -
umn and col l ect 23 mL of el uat e f r om t he cat i on-
exchange col umn i n a 25- mL gl ass- st opper ed gr adu
at e cyl i nder . Thi s f r act i on i s used t o det er mi ne DOC

5 ( f i g . 2) .

6 . 9 . 4 Di sconnect t he cat i on- exchange col -
umn and col l ect 23 mL of el uat e f r om t he XAD- 8
col umn i n a 25- mL gl ass- st opper ed cyl i nder . Thi s

f r act i on i s used t o det er mi ne DOC 4 ( f i g. 2) .

6 . 9 . 5 Pump t he r emai nder of t he sampl e
t hr ough t he XAD- 8 col umn. Desor b t he hydr ophobi c

aci ds by pumpi ng 0 . 1 NNaOH t hr ough t he col umn

at 1 mL/ mi n . Col l ect 23 mL of el uat e i n a gl ass-

st opper ed 25- mL gr aduat e cyl i nder . Thi s f r act i on i s

used t o det er mi ne DOC 3 ( f i g. 2) .

6 . 10

	

Thor oughl y shake and mi x each of t he

col l ect ed f r act i ons i n t he gr aduat e cyl i nder s bef or e

t aki ng al i quot s f or DOC det er mi nat i on. For sampl es

wi t h l ow DOC val ues, t he Oceanogr aphy I nt er na-

t i onal syst em of car bon det er mi nat i on must be used.

The Beckman 915 anal yzer can be sat i sf act or i l y

used i f sampl e DOC i s 15- 25 mg/ L . Anal yze each

f r act i on f or DOC usi ng t he above met hodol ogy spec-

i f i ed .

6 . 11

	

Run a compl et e DOC f r act i onat i on of r e-

agent wat er bl ank f or each set of sampl es, and cor -

r ect each DOC f r act i on val ue wi t h t he r espect i ve

bl ank val ue obt ai ned .

7 . Cal cul at i ons

Ref er t o f i gur e 2 and t he pr ocedur al descr i pt i on

f or def i ni t i on of t er ms and sampl e f r act i ons . Al l

DOC f r act i ons need t o be r epor t ed i n mg/ L uni t s

cal cul at ed f or t he concent r at i on i n t he or i gi nal wat er

sampl e pr i or t o di l ut i on or concent r at i on. Fol l owi ng

i s t he l i st of par amet er s and t he comput at i on f or mu-

l as :

7 . 1

	

Tot al hydr ophobi c DOC ( mg/ L) = mg/ L

DOC 1- ( 1 . 125 x mg/ L DOC 4) ( 1 . 125 i s a di l ut i on

coef f i ci ent equal t o t ot al vol ume di vi ded by sampl e

vol ume) .



7 . 2

	

Tot al hydr ophi l i c DOC ( mg/ L) = 1 . 125 x

mg/ L DOC 4 .

7 . 3

	

Hydr ophobi c base DOC ( mg/ L) = ( mg/ L

DOC 2 x 0 . 023) / 0 . 160 ( 0 . 023 i s t he f r act i on vol -

ume, i n l i t er s ; 0 . 160 i s t he sampl e vol ume, i n l i t er s) .

7 . 4

	

Hydr ophobi c aci d DOC ( mg/ L) = ( mg/ L

DOC 3 x 0 . 023) / 0 . 160 .

7 . 5

	

Hydr ophobi c neut r al DOC ( mg/ L) = t ot al

hydr ophobi c mg/ L DOC- hydr ophobi c base mg/ L

DOC- hydr ophobi c aci d mg/ I , DOC.

7 . 6

	

Hydr ophi l i c base DOC ( mg/ L) = 1 . 125 x

( mg/ L DOC 4- mg/ L DOC 5) .

7 . 7

	

Hydr ophi l i c aci d DOC ( mg/ L) = 1 . 125 x

( mg/ L DOC 5- mg/ L DOC 6) .

7 . 8

	

Hydr ophi l i c neut r al DOC ( mg/ L) = 1 . 125

x mg/ L DOC 6 .

Subt r act t he r espect i ve bl ank DOC val ues f r om

t he equi val ent sampl e DOC f r act i ons .

8. Repor t

Repor t al l f r act i on DOC concent r at i ons t o t wo si g-

ni f i cant f i gur es, i n mg/ L.

9. Pr eci si on

DETERMI NATI ON OF ORGANI CSUBSTANCES I NWATERAND FLUVI AL SEDI MENTS

9 . 1

	

Two f act or s i nf l uence pr eci si on: t he var i a-

bi l i t y of t he r eagent bl ank DOC t hat el ut es f r omt he

col umns, and t he var i abi l i t y of t he DOC det er mi na

t i on . The maxi mum aver age devi at i on f or dupl i cat e

DOC det er mi nat i ons i s about 5 per cent of t he DOC

mean and, t her ef or e, al so 5 per cent of t he DOC

val ue of each f r act i on. The t ot al pr eci si on i s t he sum

of t he t wo f act or s .

9 . 2 The aver age devi at i ons i n t he r eact i on

bl ank f or di ssol ved or gani c car bon f r act i onat i on

anal ysi s ar e as f ol l ows :

Aver agedevi at i on

Fr act i on

	

( mg/ L)

Tot al hydr ophobi c DOC - - - - - - - - - - - - - - 0 . 2

Tot al hydr ophi l i c DOC - - - - - - - - - - - - - - -

	

. 2

Hydr ophobi c base DOC - - - - - - - - - - - - - -

	

. 1

Hydr ophobi c aci d DOC - - - - - - - - - - - - - -

	

. 1

Hydr ophobi c neut r al DOC - - - - - - - - - - - -

	

. 4

Hydr ophi l i c aci d DOC - - - - - - - - - - - - - - -

	

. 5

Hydr ophi l i c base DOC - - - - - - - - - - - - - - -

	

. 5

Hydr ophi l i c neut r al DOC - - - - - - - - - - - - -
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Or ganochl or i ne and or ganophosphor ous

compounds, t ot al r ecover abl e ( 0- 3104- 83)

and di ssol ved ( 0- 1104- 83) , gas

chr omat ogr aphi c

Code

Par amet er

	

Tot al r ecover abl e

	

Di ssol ved

1 . Appl i cat i on
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Thi s met hod i s sui t abl e f or t he det er mi nat i on of
or ganochl or i ne i nsect i ci des, pol ychl or i nat ed bi phe-

nyl s ( PCB' s) , pol ychl or i nat ed napht hal enes ( PCB' s) ,

and or ganophosphor ous i nsect i ci des i n wat er and

wat er - suspended- sedi ment mi xt ur es cont ai ni ng at
l east 0 . 01 pg/ L of t he anal yt e.

2.

	

Summar y of met hod

Or ganochl or i ne and or ganophosphor ous com-

pounds ar e ext r act ed f r om wat er and wat er -

Al dr i n- - - - - - - - - - - - - - - - - - - - - 39330 39331

Chl or dane- - - - - - - - - - - - - - - - - - 39350 39352

DDD- - - - - - - - - - - - - - - - - - - - - - 39360 39361

DDE - - - - - - - - - - - - - - - - - - - - - - 39365 39366

DDT - - - - - - - - - - - - - - - - - - - - - - 39370 39371

Di azi non- - - - - - - - - - - - - - - - - - - 39570 39572

Di el dr i n- - - - - - - - - - - - - - - - - - - - 39380 39381

Endosul f an- - - - - - - - - - - - - - - - - 39388 82354

Endr i n - - - - - - - - - - - - - - - - - - - - 39390 39391

Et hi on- - - - - - - - - - - - - - - - - - - - - 39398 82346

Pol ychl or i nat ed bi phenyl s - - - - - - 39516 39517

Pol ychl or i nat ed napht hal enes - - - 39250 82360

Hept achl or - - - - - - - - - - - - - - - - - 39410 39411

Hept achl or epoxi de- - - - - - - - - - - 39420 39421

Li ndane- - - - - - - - - - - - - - - - - - - - 39340 39341

Mal at hi on - - - - - - - - - - - - - - - - - - 39530 39532

Met hoxychl or - - - - - - - - - - - - - - - 39480 82350

Met hyl par at hi on - - - - - - - - - - - - 39600 39602

Met hyl t r i t hi on - - - - - - - - - - - - - - 39790 82344

Mi r ex - - - - - - - - - - - - - - - - - - - - - 39755 39756

Par at hi on - - - - - - - - - - - - - - - - - - 39540 39542

Per t hane- - - - - - - - - - - - - - - - - - - 39034 82348

Toxaphene - - - - - - - - - - - - - - - - - 39400 39401

Tr i t hi on - - - - - - - - - - - - - - - - - - - 39786 82342
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suspended- sedi ment mi xt ur es wi t h hexane . Or gano-
phosphor ous compounds ar e det er mi ned on a gas
chr omat ogr aph wi t h f l ame- phot omet r i c det ect or s .
The ext r act s ar e t hen pur i f i ed usi ng adsor pt i on
chr omat ogr aphy on an al umi na col umn . I f PCB' s,
PCB' s, and t oxaphene ar e pr esent , t he ext r act s ar e
f ur t her pur i f i ed usi ng a si l i ca gel col umn. The or -

ganochl or i ne compounds ar e t hen det er mi ned by gas
chr omat ogr aphy usi ng el ect r on- capt ur e det ect or s .

3. I nt er f er ences

Compounds havi ng chemi cal and physi cal pr oper -

t i es si mi l ar t o t he compound of i nt er est may cause

i nt er f er ence. Sul f ur and or ganosul f ur compounds

wi l l i nt er f er e, but t hese subst ances can be r emoved
by t r eat i ng t he f i nal ext r act s wi t h mer cur y ; how-
ever , t he mer cur y t r eat ment wi l l al so r emove or -

ganophosphor ous compounds .

4. Appar at us

4 . 1

	

Al umi na col umn: Pl ug a di sposabl e pi pet
wi t h gl ass wool . Fi l l t o a dept h of 3 cm wi t h al umi -
na; t hen add 0 . 5 cmanhydr ous sodi um sul f at e .

4 . 2 Boi l i ng chi ps, mi cr o, gr anul es, Hengar

H- 1366C, or equi val ent : Ri nse wi t h hexane, ai r dr y,

and heat over ni ght at 300' C.

4 . 3 Concent r at or , Kuder na- Dani sh ( K- D) ,

250- mL f l ask, 5 . 0- mL r ecei ver , and one- bal l Snyder

col umn .

4 . 4

	

Evapor at i ve concent r at or , Or ganomat i on

N- Evap, or equi val ent .

4. 5 Gas chr omat ogr aph, Tr acor 560, or

equi val ent .

4 . 5 . 1

	

The f ol l owi ng condi t i ons ar e r ecom-

mended f or or ganochl or i ne compounds :

Col umns, bor osi l i cat e gl ass, 1 . 8 m x 2

mmi d ( i nsi de di amet er ) oper at ed at 200' C: Col umn

packi ng mat er i al s ar e ( 1) 3 per cent SP 2100 on

100/ 120 mesh Supel copor t , or equi val ent ; and ( 2)

1 . 5 per cent SP 2250 - h 1 . 95 per cent SP 2401 on

100/ 120 mesh Supel copor t , or equi val ent .

Det ect or s, el ect r on capt ur e, oper at ed at

345' C.

I nj ect i on por t t emper at ur e, 220' C.

Car r i er gas, ni t r ogen or 5 per cent met h-

ane i n ar gon, f l ow r at e 30 mL/ mi n .

4 . 5 . 2 The f ol l owi ng condi t i ons ar e r ecom-

mended f or or ganophosphor ous pest i ci des:

Col umns, bor osi l i cat e gl ass, 1 . 8 mx 2 mm

i d oper at ed at 175° C: Col umn packi ng mat er i al s ar e

( 1) 5 per cent SP 2100 on 100/ 120 mesh Supel co-
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por t , or equi val ent ; and ( 2) 2 per cent SE- 30 - 1- 3

per cent OV- 210 on 100/ 120 mesh chr omosor b HP,

or equi val ent .

Det ect or s, f l ame phot omet r i c, Mel par , or

equi val ent , oper at ed at 210' C.

I nj ect i on por t t emper at ur e, 210° C.

Car r i er gas, hel i um or ni t r ogen, f l ow r at e

30 mL/ mi n.

4 . 6

	

Gl ass f i l t er s, 142 mm, 0 . 3 gmmean por e
si ze, Gel man, or equi val ent : Pr epar e t he f i l t er s by
r i nsi ng wi t h acet one and hexane, evapor at i ng t he

sol vent , and heat i ng over ni ght at 300 ° C.

4 . 7

	

Si l i ca col umn ; t o a 130 mmx 10 mmi d
gl ass t ube havi ng a coar se- por osi t y f r i t t ed di sc, add
1 cmanhydr ous sodi um sul f at e, 10 cm si l i ca, and 1

cmanhydr ous sodi um sul f at e .

5. Reagent s

5 . 1 Al umi na adsor bent , Woel m neut r al al u-

mi num oxi de, or equi val ent : Pr epar e deact i vat ed ad-

sor bent by addi ng 8 g dei oni zed wat er t o 92 g al umi

na and shake f or at l east 2 h on a wr i st - act i on

shaker . The al umi na i s t est ed f or r equi r ed deact i va-

t i on by at t empt i ng t o el ut e t he or ganochl or i ne com-

pounds of i nt er est f r om a t est col umn wi t h 10 mL

hexane. I f t he t est compounds do not el ut e wi t h 10

mL hexane, f ur t her deact i vat i on i s r equi r ed .

5 . 2

	

Mer cur y, met al l i c, r eagent gr ade .

5 . 3 Pest i ci de mi xed st andar ds, anal yt i cal

r ef er ence gr ade, EPA anal yt i cal r ef er ence st an-

dar ds, or equi val ent : Pr epar e i ndi vi dual st ock sol u

t i ons by wei ghi ng about 10 mg of each compound t o

at l east t hr ee si gni f i cant f i gur es and quant i t at i vel y

t r ansf er each compound t o a 25 . 0- mL vol umet r i c

f l ask . Di l ut e t o vol ume wi t h benzene and mi x t hor -

oughl y. Al i quot s ar e r emoved and di l ut ed t o vol ume

wi t h i so- oct ane t o obt ai n t he f i nal concent r at i ons

l i st ed i n t abl e 1 .

5 . 4 Si l i ca adsor bent , Woel m si l i ca, 70- 150

mesh, or equi val ent : Pr epar e deact i vat ed adsor bent

by addi ng 0 . 2 g dei oni zed wat er t o 99 . 8 g si l i ca and

shake f or at l east 2 h on a wr i st - act i on shaker . The

deact i vat i on i s eval uat ed by at t empt i ng t o r epr oduce

t he el ut i on scheme i n t abl e 2 . I f t he t est compounds

do not el ut e wi t h 25 mL of hexane f r om t he f i r st

si l i ca f r act i on, addi t i onal deact i vat i on i s r equi r ed .

5 . 5 Sodi um sul f at e, gr anul ar , anhydr ous :

Heat over ni ght at 300° C and st or e i n a cover ed

beaker at 130° C.

5 . 6 Sol vent s, benzene, hexane, and i so- oc-

t ane, pest i ci de r esi due qual i t y, di st i l l ed i n gl ass, Bur -

di ck and Jackson, or equi val ent .
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Tabl e 1 . Concent r at i ons of pest i ci des and PCB' s i n mi xed

st andar d sol ut i ons used f or gas chr omat ogr aph cal i br a-

t i on of wat er and wat er - suspended sedi ment

[ Pi cogr ams per mi cr ol i t er ]

6. Pr ocedur e

Al l gl asswar e must be washed i n war m det er gent

sol ut i on, r i nsed wi t h or gani c- f r ee wat er , and heat ed

at 300 ° C over ni ght . I mmedi at el y bef or e use, al l

gl asswar e i s r i nsed wi t h t he sol vent . Do not use

st opcock gr ease on any gr ound- gl ass j oi nt s . For t he

det er mi nat i on of di ssol ved component s, f i l t er t he

sampl e t hr ough a gl ass f i ber f i l t er . Pour t he f i l t r at e

i nt o t he or i gi nal sampl e bot t l e and cont i nue wi t h t he

pr ocedur e .

6 . 1 A bl ank must accompany each gr oup of

sampl es . For each sampl e, r i nse a 1, 000- mL separ a-

t or y f unnel and a 125- mL Er l enmeyer f l ask wi t h

hexane .

6 . 2

	

Wei gh t he sampl e bot t l e pl us t he sampl e

and r ecor d t he wei ght t o t hr ee si gni f i cant f i gur es .

6 . 3

	

Pour t he sampl e i nt o t he separ at or y f un-

nel and al l ow t he bot t l e t o dr ai n compl et el y . Wei gh

t he empt y bot t l e and cap, and r ecor d t he wei ght t o

Tabl e 2 . Col umn f r act i onat i on scheme f or si l i ca gel col umn

f or or ganochl or i ne i nsect i ci des, PCB' s, and PCB' s

Fr act i on 2
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Fr act i on 1

( 20 mL hexane el uat e)

	

( 30mL benzene el uat e)

Hept achl or 70

	

Hept achl or 30

per cent

	

per cent

DDE85 per cent

	

DDE 15 per cent

Endosul f an

	

Li ndane

Mi r ex

	

Per t hane

PCB' s

	

DDD

PCB' s

	

DDT

Met hoxychl or

Hept achl or epoxi de

Endr i n

Di el dr i n

Chl or dane

t hr ee si gni f i cant f i gur es . Cal cul at e and r ecor d t he

sampl e wei ght .

6 . 4

	

Add 25 mL hexane t o t he sampl e bot t l e,

r i nse t he si des t hor oughl y, and pour t he sol vent i nt o

t he separ at or y f unnel . The Tef l on- l i ned cap i s not

r i nsed because of t he pot ent i al f or cont ami nat i on

f r omsol vent t hat has cont act ed t he t hr eads and sur -

f ace beneat h t he Tef l on l i ner . Shake t he f unnel vi g-

or ousl y f or at l east 1 mi n, vent i ng of t en . Al l ow t he

l ayer s t o separ at e, and dr ai n t he aqueous l ayer . Pour

t he hexane ext r act i nt o t he Er l enmeyer f l ask . Ex-

t r act t he sampl e t wi ce mor e, usi ng 25 mL hexane

each t i me, and col l ect t he ext r act s i n t he Er l enmeyer

f l ask . Add about 0 . 5 g anhydr ous sodi um sul f at e t o

t he f l ask, cover wi t h f oi l , and set asi de f or at l east 2

h or r ef r i ger at e unt i l anal ysi s can cont i nue .

6 . 5 Quant i t at i vel y t r ansf er t he ext r act wi t h

hexane t o t he K- D appar at us, add a boi l i ng chi p, and

at t ach a Snyder col umn. Concent r at e t he ext r act t o

about 5 mL on a wat er bat h mai nt ai ned at about

90 ° C. Remove t he K- D appar at us f r om t he wat er
bat h, dr y t he j oi nt s wi t h a t owel , r i nse t he l ower

j oi nt wi t h hexane as t he r ecei ver i s di sconnect ed,

and pl ace t he r ecei ver on an evapor at i ve concent r a-

t or t o r educe t he vol ume t o about 0 . 5 mL. Ri nse t he

wal l s of t he r ecei ver t wo or t hr ee t i mes wi t h a f ew
dr ops of hexane dur i ng t he f i nal concent r at i on . Di -

l ut e t he ext r act t o 1 . 0 mL and anal yze t he ext r act by

gas chr omat ogr aphy usi ng f l ame- phot omet r i c det ec-

t or s f or t he det er mi nat i on of or ganophosphor ous i n-

sect i ci des .

6 . 6 Pr epar e gas chr omat ogr aph cal i br at i on

cur ves dai l y wi t h t he mi xed st andar ds ( t abl e 1) . Op-

er at i ng condi t i ons must be i dent i cal t o t hose used f or

sampl e anal ysi s . Cal i br at e bot h anal yt i cal col umns.

Recor d t he vol ume of t he st andar d i nj ect ed and t he

r et ent i on t i me and i nt egr at ed peak ar ea of each

component i n t he st andar d .

Mi xt ur e

number Compound

Hi gh st andar d

concent r at i on

Lowst andar d

concent r at i on

1 - - - - Li ndane 40 20

Hept achl or 40 20

Al dr i n 40 20

DDE 40 20

DDD 40 20

Mi r ex 40 20

Met hoxychl or 70 35

2 - - - - Al dr i n 40 20

Hept achl or epoxi de 40 20

Di el dr i n 40 20

Endr i n 40 20

3 - - - - Chl or dane 200 100

4 - - - - Al dr i n 40 20

Endosul f an 40 20

Per t hane 40 20

DDT 40 20

5 - - - - Toxaphene 600 300

6 - - - - p, p- DDE 40 20

o, p- DDD 40 20

o, p- DDT 40 20

7 - - - - Ar ocl or 1016 ( a PCB) 300 150

8 - - - - Ar ocl or 1254 ( a PCB) 400 200

9 - - - - Ar ocl or 1260 ( a PCB) 300 150

10 - - - - Di azi non 100 50

Mal at hi on 130 65

Dur sban 100 50

DEF 100 50

Et hi on 100 50

11 - - - - Met hyl par at hi on 100 50

Et hyl par at hi on 100 50

Met hyl t r i t hi on 200 100

Tr i t hi on 200 100
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6 . 7 I nj ect an al i quot of sampl e ext r act i nt o

t he gas chr omat ogr aph . Recor d t he vol ume i nj ect ed.

I dent i f y peaks by r et ent i on t i me . The i dent i f i cat i on

must be made on bot h anal yt i cal col umns . Recor d

t he r et ent i on t i me and i nt egr at ed ar ea of any i dent i -

f i ed peak . Di l ut e any ext r act cont ai ni ng an i dent i f i -

abl e component above t he hi ghest st andar d ( see t a-

bl e 1) t o br i ng i t wi t hi n t hat r ange . I dent i f i ed

compounds may be quant i t at ed usi ng t he cal cul a-

t i ons descr i bed bel ow.

6 . 8 Fol l owi ng anal ysi s f or or ganophosphor -

ous i nsect i ci des, t r ansf er t he ext r act t o an al umi na

col umn . El ut e wi t h hexane and col l ect 10 mL . Add

1 . 0 mL i so- oct ane t o t he el uat e and r educe t he vol -

ume t o 1 . 0 mL on an evapor at i ve concent r at or , r i ns-

i ng t he si des of t he r ecei ver t wo or t hr ee t i mes wi t h

i so- oct ane dur i ng t he concent r at i on . Anal yze t he

concent r at ed el uat e by gas chr omat ogr aphy as de-

scr i bed i n st eps 6 . 6 and 6 . 7 usi ng el ect r on- capt ur e

det ect or s f or or ganochl or i ne compounds .

6 . 9 I f t he ext r act cont ai ns mul t i pl e compo-

nent mi xt ur es such as PCB' s, PCB' s, t oxaphene, or

i nt er f er ences, i t mi ght be necessar y t o per f or m t he

si l i ca gel cl eanup t o obt ai n t he f r act i onat i on shown

i n t abl e 2 .

7. Cal cul at i ons

7 . 1 Cal cul at e t he r esponse f act or of each

i dent i f i ed component i n t he cal i br at i on st andar d us-

i ng t he equat i on

A,
RF =

	

Cs X V,

	

,

wher e

RF= r esponse f act or of i dent i f i ed component i n

cal i br at i on st andar d, i n ar ea/ pg,

CS = concent r at i on of st andar d, i n pg/ gL,

V= vol ume of st andar d i nj ect ed, i n gL, and

A, = i nt egr at ed peak ar ea of i dent i f i ed compo-

nent i n cal i br at i on st andar d .

7 . 2

	

Cal cul at e t he concent r at i on of each i dent i -

f i ed component i n t he or i gi nal wat er sampl e f r om

t he equat i on

Concent r at i on ( gg/ L) =

TECHNI QUES OF WATER- RESOURCES I NVESTI GATI ONS

A2x V2

V3 XWXRF ,

wher e

RF= r esponse f act or of i dent i f i ed cal i br at i on

st andar d component , i n ar ea/ pg,

A2 = i nt egr at ed peak ar ea of i dent i f i ed sampl e

component ,

V2 = f i nal vol ume of sampl e ext r act , i n mL,

V3 =vol ume of sampl e ext r act i nj ect ed, i n gL,

and

W=wei ght of sampl e i n g, expr essed i n mL

( 1 . 000 mL = 1 . 000 g)

8. Repor t

8 . 1 Repor t concent r at i ons of or ganochl or i ne

compounds ( except chl or dane, per t hane, t oxaphene,

PCB' s, and PCB' s) and or ganophosphor ous i nsect i

ci des as f ol l ows : l ess t han 0 . 01 gg/ L, as " l ess t han

0 . 01 gg/ L" ; 0 . 01 t o 0 . 10 gg/ L, one si gni f i cant f i g-

ur e ; 0 . 10 gg/ L and above, t wo si gni f i cant f i gur es .

8 . 2 Repor t concent r at i ons of chl or dane,

per t hane, PCB' s, and PCB' s as f ol l ows : l ess t han 0 . 1

Fi g/ L, as " l ess t han 0 . 1 Fi g/ L" ; 0 . 1 gg/ L and above,

t wo si gni f i cant f i gur es .

8 . 3 Repor t concent r at i ons of t oxaphene as

f ol l ows : l ess t han 1 . 0 gg/ L, as " l ess t han 1 . 0 gg/ L" ;

1 . 0 gg/ L and above, t wo si gni f i cant f i gur es .

9. Pr eci si on

9 . 1 Pr eci si on f or di ssol ved i nsect i ci des and

PCB' s ( Ar ocl or s 1248 and 1254) i n di st i l l ed wat er

f or seven r epl i cat es at each concent r at i on ar e as

f ol l ows :

Compound

Concent r at i on
spi ked

( wg/ L)

Mean
concent r at i on
det er mi ned

( , t g1L)

Rel at i ve st andar d
devi at i on
( per cent )

Chl or dane - - - - - - - - - - 0 . 13 0 . 09 13

. 25 . 15 30

. 50 . 39 13

Ar ocl or 1248 - - - - - - - - . 20 . 20 13

. 41 . 28 23

. 82 . 55 8 . 8

Ar ocl or 1254 - - - - - - - - . 12 . 07 28

. 24 . 20 15

. 49 . 24 4 . 1

Li ndane- - - - - - - - - - - - . 014 . 012 12

. 027 . 035 11

. 054 . 064 7 . 3

Hept achl or - - - - - - - - - - . 010 . 007 15

. 020 . 015 16

. 040 . 042 4 . 3

Al dr i n - - - - - - - - - - - - - . 009 . 008 17

. 017 . 016 14

. 035 . 042 5 . 0

Per t hane - - - - - - - - - - - . 12 . 038 9 . 4

. 23 . 17 16

. 47 . 14 4 . 0

Endosul f an - - - - - - - - - . 021 . 015 8 . 9

. 042 . 047 5 . 2

. 084 . 077 6 . 7
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Mean
Concent r at i on

	

concet r at i on

	

Rel at i ve st andar d

spi ked det er mi ned devi at i on

Compound ( W9/ L) ( 991L) ( Per cent )

9 . 2 I t i s est i mat ed t hat t he per cent r el at i ve

st andar d devi at i on f or t ot al r ecover abl e i nsect i ci des

and PCB' s wi l l be gr eat er t han t hat r epor t ed f or

di ssol ved i nsect i ci des and PCB' s.

Sel ect ed r ef er ences

Goer l i t z, D. F. , and Br own, Eugene, 1972, Met hods f or anal ysi s of

or gani c subst ances i n wat er : U. S . Geol ogi cal Sur vey Tech-

ni ques of Wat er - Resour ces I nvest i gat i ons, Book 5, Chapt er

A3, 40 p .

Goer l i t z, D. F. , and Law, L . M. , 1971, Not e on r emoval of sul f ur

i nt er f er ences f r om sedi ment ext r act s f or pest i ci de anal ysi s :

Bul l et i n of Envi r onment al Cont ami nat i on and Toxi col ogy, v .

6, p . 9- 10 .

1972, Chl or i nat ed napht hal enes i n pest i ci de anal ysi s : Bul -

l et i n of Envi r onment al Cont ami nat i on and Toxi col ogy, v . 7,

p. 243- 251 .

1974, Det er mi nat i on of chl or i nat ed i nsect i ci des i n sus-

pended sedi ment and bot t ommat er i al : Jour nal of t he Associ -
at i on of Of f i ci al Anal yt i cal Chemi st s, v . 57, p . 176- 181.

Or ganochl or i ne and or ganophosphor ous

compounds, r ecover abl e f r ombot t om mat er i al
( 0- 5104- 83) and r ecover abl e f r om suspended
sedi ment ( 0- 7104- 83) , gas chr omat ogr aphi c

Codes

Par amet er

	

bot t omml at e' al

	

R~

	

om
suspended sedi ment

Al dr i n- - - - - - - - - - - - - - - - - - - - - - - 39333

	

39332

Chl or dane- - - - - - - - - - - - - - - - - - - - 39351 39353

Par amet er

DDD- - - - - - - - - - - - - - - - - - - - - - - - 39368

	

39362

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on of

r ecover abl e or ganochl or i ne i nsect i ci des, pol ychl or i -

nat ed bi phenyl s ( PCB' s) , pol ychl or i nat ed napht ha-

l enes ( PCB' s) , and or ganophosphor ous i nsect i cdes i n

bot t om mat er i al and suspended sedi ment cont ai ni ng

at l east 0 . 1 l eg/ kg of t he anal yt e.

2 .

	

Summar y of met hod

3 . I nt er f er ences

3 1

Codes
Recover abl ef r om Recover abl ef r om

bot t ommat er i al suspended sedi ment

Or ganochl or i ne and or ganophosphor ous i nsect i -

ci des, PCB' s, and PCB' s ar e ext r act ed f r om sus-

pended sedi ment and bot t om mat er i al wi t h acet one

and hexane . The or ganophosphor ous i nsect i ci des ar e

det er mi ned by gas chr omat ogr aphy usi ng f l ame-

phot omet r i c det ect or s . The ext r act s ar e t hen pur i -

f i ed usi ng adsor pt i on chr omat ogr aphy on an al umi -

na col umn . I f PCB' s, PCB' s, and t oxaphenes ar e

pr esent , t he ext r act s ar e f ur t her pur i f i ed usi ng a

si l i ca gel col umn . The or ganochl or i ne compounds ar e

det er mi ned by gas chr omat ogr aphy usi ng el ect r on-

capt ur e det ect or s .

Compounds havi ng chemi cal and physi cal pr oper -

t i es si mi l ar t o t he compound of i nt er est may cause

i nt er f er ence . Sul f ur and or ganosul f ur compounds
wi l l i nt er f er e, but t hese subst ances can be r emoved
by t r eat i ng t he f i nal ext r act s wi t h mer cur y ; how-
ever , t he mer cur y t r eat ment wi l l al so r emove or -

ganophosphor ous compounds .

p, p- DDE - - - - - - - - - - - . 020 . 025 19
DDE- - - - - - - - - - - - - - - - - - - - - - - - 39368 39367

. 040 . 051 11 DDT- - - - - - - - - - - - - - - - - - - - - - - - 39373 39372

. 080 . 15 3 . 3 Di azi non- - - - - - - - - - - - - - - - - - - - - 39571 39573
p, p- DDD - - - - - - - - - - - . 030 . 020 13 Di el dr i n - - - - - - - - - - - - - - - - - - - - - 39383 39382

. 060 . 062 9 . 5
Endosul f an- - - - - - - - - - - - - - - - - - - 39389 82355

. 12 . 13 6 . 2
Endr i n - - - - - - - - - - - - - - - - - - - - - - 39393 39392

p, p- DDT - - - - - - - - - - - . 053 . 033 19
Et hi on - - - - - - - - - - - - - - - - - - - - - - 39399 82347

. 11 . 10 7 . 7
Pol ychl or i nat ed bi phenyl s- - - - - - - - 39519 39518

. 21 . 23 7 . 0 Pol ychl or i nat ed napht hal enes- - - - - 39251 82361
Met hoxychl or - - - - - - - . 022 . 016 8. 5

Hept achl or - - - - - - - - - - - - - - - - - - - 39413 39412
. 044 . 041 7. 9

Hept achl or epoxi de- - - - - - - - - - - - - 39423 39422
. 087 . 079 5. 0

Li ndane - - - - - - - - - - - - - - - - - - - - - 39343 39342
Mi r ex- - - - - - - - - - - - - - . 020 . 012 34 Mal at hi on- - - - - - - - - - - - - - - - - - - - 39531 39533

. 041 . 028 21
Met hoxychl or - - - - - - - - - - - - - - - - - 39481 82351

. 082 . 072 4 . 9 Met hyl par at hi on - - - - - - - - - - - - - - 39601 39603
Di azi non - - - - - - - - - - - . 23 . 15 20

Met hyl t r i t hi on - - - - - - - - - - - - - - - - 39791 82345
Mal at hi on - - - - - - - - - - . 26 . 13 32

Mi r ex - - - - - - - - - - - - - - - - - - - - - - - 39758 39757
Met hyl par at hi on- - - - - . 22 . 16 9 . 2 Par at hi on- - - - - - - - - - - - - - - - - - - - 39541 39543
Par at hi on- - - - - - - - - - - . 15 . 12 6 . 3

Per t hane- - - - - - - - - - - - - - - - - - - - - 81886 82349
Met hyl t r i t hi on- - - - - - - . 15 . 07 12 Toxaphene - - - - - - - - - - - - - - - - - - - 39403 39402
Et hi on - - - - - - - - - - - - - . 15 . 12 7 . 4

Tr i t hi on - - - - - - - - - - - - - - - - - - - - - 39787 82343
Tr i t hi on - - - - - - - - - - - - . 25 . 18 7 . 6
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4. Appar at us

4 . 1

	

Al umi na col umn : To a 130- mmx 10- mm

i d ( i nsi de di amet er ) gl ass t ube havi ng a coar se-

por osi t y f r i t t ed di sc, add 1 cm anhydr ous sodi um

sul f at e, 10 em al umi na, and 1 cmanhydr ous sodi um

sul f at e.

4 . 2 Boi l i ng chi ps, gr anul ar , mi cr o, Hengar

H- 1366C, or equi val ent : Ri nse wi t h hexane, ai r dr y,

and heat at 300' C over ni ght .

4 . 3 Cent r i f uge t ube, 30 mL, Pyr ex, gr adu-

at ed .

4 . 4 Concent r at or , Kuder na- Dani sh ( K- D) ,

500- mL f l ask, 5 . 0- mL vol umet r i c r ecei ver , and one-

bal l Snyder col umn .

4 . 5 Gas chr omat ogr aph, Tr acor model 550,

or equi val ent .

4 . 5 . 1 The f ol l owi ng condi t i ons ar e r ecom-

mended f or or ganochl or i ne compounds :

Col umns, bor osi l i cat e gl ass, 1 . 8 mx 2 mm

i d oper at ed at 200 ° C: Col umn packi ng mat er i al s ar e

( 1) 3 per cent SP 2100 on 100/ 120 mesh Supel co

por t , or equi val ent ; and ( 2) 1 . 5 per cent SP

2250 + 1 . 95 per cent SP 2401 on 100/ 120 mesh

Supel copor t , or equi val ent .

Det ect or s, el ect r on capt ur e, oper at ed at

345° C.

I nj ect i on por t t emper at ur e, 220' C.

Car r i er gas, ni t r ogen or 5 per cent met h-

ane i n ar gon, f l ow r at e 30 mL/ mi n.

4 . 5 . 2 The f ol l owi ng condi t i ons ar e r ecom-

TECHNI QUES OF WATER - RESOURCESI NVESTI GATI ONS

4 . 9

	

Si l i ca col umn : To a 130- mm x 10- mmi d

gl ass t ube havi ng a coar se- por osi t y f r i t t ed di sc, add

1 cm anhydr ous sodi um sul f at e, 10 cm si l i ca, and 1

cmanhydr ous sodi um sul f at e .

5. Reagent s

5 . 1 Al umi na adsor bent , Woel m neut r al al u-

mi numoxi de, or equi val ent : Pr epar e deact i vat ed ad-

sor bent by addi ng 8 g dei oni zed wat er t o 92 g al umi

na and shake f or at l east 2 h on a wr i st - act i on

shaker . The al umi na i s t est ed f or r equi r ed deact i va-

t i on by at t empt i ng t o el ut e t he compounds of i nt er -

est f r oma t est col umn accor di ng t o t he col umn f r ac-

t i onat i on scheme ( t abl e 3) . I f t he t est compounds do

not el ut e wi t h 20 mL hexane f r om t he f i r st al umi na

f r act i on, f ur t her deact i vat i on i s r equi r ed .

5 . 2

	

Mer cur y, met al l i c, r eagent gr ade .

5 . 3 Pest i ci de mi xed st andar ds, anal yt i cal

r ef er ence gr ade, EPA anal yt i cal r ef er ence st an-

dar ds, or equi val ent : Pr epar e i ndi vi dual st ock sol u

t i ons by wei ghi ng about 10 mg of each compound t o

at l east t hr ee si gni f i cant f i gur es and quant i t at i vel y

t r ansf er each compound t o a 25- mL vol umet r i c

f l ask . Di l ut e t o vol ume wi t h benzene and mi x t hor -

oughl y . Al i quot s ar e r emoved and di l ut ed t o vol ume

wi t h i so- oct ane t o obt ai n f i nal concent r at i ons l i st ed

i n t abl e 4 .

Tabl e 3. Col umn f r act i onat i on scheme f or al umi na and si l i -

ca col umns f or i nsect i ci des, PCB' s, and PCB' s i n bot t om

mat er i al and suspended sedi ment

mended f or or ganophosphor ous pest i ci des: ALI I MI NA COLUMN

Col umns, bor osi l i cat e gl ass, 1 . 8 mx 2 mm Fr act i on 1
( 20 mL hexane el uat e)

Fr act i on 2
( 25 mI , hexane el uat e)

Fr act i on 3
( 20 mL benzene el uat e)

i d oper at ed at 175' C: Col umn packi ng mat er i al s ar e
Al dr i n Di el dr i n

( 1) 5 per cent SP 2100 on 100/ 120 mesh Supel co- Chl or dane Endr i : n Di azi non

por t , or equi val ent ; and ( 2) 2 per cent SE- 30 - I - 3 p, p- DDD Hept achl or epoxi de Et hi on

per cent OV- 210 on 100/ 120 mesh chr omosor b HP,
p, p- DDE

p, p- DDT

Endosul f an Par at hi on

Met hyl par at hi on

or equi val ent . Hept achl or Mal at hi on

Det ect or s, f l ame phot omet r i c, Mel par , or Per t hane Tr i t hi on

equi val ent , oper at ed at 210' C.
Li ndane Met hoxychl or

Mi r ex

I nj ect i on por t t emper at ur e, 210 ° C. PCB' s

Car r i er gas, hel i um or ni t r ogen, f l ow r at e PCN' s

30 mL/ mi n .
Toxaphene

SI LI CA COLUMN

4 . 6 Gl ass f i l t er s, 142 mm, 0 . 3 gmmean por e

si ze, Gel man or equi val ent : Pr epar e t he f i l t er s by

Fr act i on 1
( 25 mL hexane el uat e)

Fr act i on 2
( 30 mL benzene el uat e)

r i nsi ng wi t h acet one and hexane, evapor at i ng t he
Al dr i n

Mi r ex

Chl or dane

p, p- DDD

sol vent , and heat i ng over ni ght at 300 ° C. PCB' s p, p- DDE

4 . 7 Gl ass wool , f i ne, r i nsed wi t h hexane, ai r PCN' s p, p- DDT

dr i ed, and heat ed at 300 ° C over ni ght .
p, p- DDE Per t hane

Hept achl or

4 . 8 Shaker , wr i st - act i on, Bur r el l or equi va- Li ndane

l ent .
Toxaphene
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5 . 4 Si l i ca adsor bent , Woel m si l i ca, 70- 150

mesh, or equi val ent : Pr epar e deact i vat ed adsor bent

by addi ng 0 . 2 g dei oni zed wat er t o 99 . 8 g si l i ca and

shake f or at l east 2 h on a wr i st - act i on shaker . The

si l i ca i s t est ed f or r equi r ed deact i vat i on by at t empt -

i ng t o r epr oduce t he el ut i on scheme i n t abl e 3 . I f t he

t est compounds do not el ut e wi t h 25 mL hexane

f r om t he f i r st si l i ca f r act i on, f ur t her deact i vat i on i s

r equi r ed.

5 . 5 Sodi um sul f at e, gr anul ar , anhydr ous,

heat over ni ght at 300 ° C and st or e i n a cover ed

beaker at 130' C.

5 . 6 Sol vent s, acet one, benzene, hexane, and

i so- oct ane, di st i l l ed i n gl ass, pest i ci de anal ysi s qual i -

t y, Bur di ck and Jackson, or equi val ent .

5 . 7

	

Wat er , dei oni zed, or gani c- f r ee .

6. Pr ocedur e

Al l gl asswar e must be washed i n war mdet er gent

sol ut i on, r i nsed wi t h or gani c- f r ee wat er , and heat ed

Tabl e 4. Concent r at i ons of pest i ci des and PCB' s i n mi xed

st andar d sol ut i ons used f or gas chr omat ogr aph cal i br a-

t i on of bot t om mat er i al

[ Pi cogr ams per mi cr ol i t er ]

3 3

at 300' C over ni ght . Pr i or t o use, al l gl asswar e i s

r i nsed wi t h t he sol vent . Do not use st opcock gr ease

on any gr ound- gl ass j oi nt s . For bot t om- mat er i al

sampl es, begi n at st ep 6 . 1 . For suspended- sedi ment

sampl es, f i r st det er mi ne t he wei ght of t he

wat er - suspended- sedi ment mi xt ur e, t hen f i l t er t he

sampl e t o i sol at e t he suspended sedi ment . Use t he

f i l t er and t he r et ai ned sedi ment and begi n at st ep

6 . 2 .

6 . 1 Subsampl i ng f or det er mi nat i on of moi s-

t ur e :

6 . 1 . 1

	

Decant excess wat er f r omt he bot t om

mat er i al . Use a spat ul a t o t hor oughl y mi x t he moi st

sol i d. Wei gh 10 g of sol i d i nt o a t ar ed wei ghi ng di sh.

Recor d t he wei ght t o t hr ee si gni f i cant f i gur es .

6 . 1 . 2 Pl ace t he t ar ed di sh cont ai ni ng t he

sampl e i n an oven at 130' C over ni ght . Remove f r om

oven, al l ow t o cool , wei gh, and r ecor d t he wei ght t o

t hr ee si gni f i cant f i gur es .

6 . 2

	

Add ei t her t he f i l t er f r om t he suspended-

sedi ment f i l t r at i on or t he cal cul at ed amount of bot -

t om mat er i al ( not mor e t han 100 g) t o a 500- mL

Er l enmeyer f l ask wi t h a gr ound- gl ass j oi nt . St i r t he

sampl e and sl owl y add dei oni zed wat er unt i l t he

mi xt ur e has t he consi st ency of past e or unt i l wat er

begi ns t o separ at e f r omt he sol i d .

6 . 3 Add 20 mL acet one t o t he Er l enmeyer

f l ask cont ai ni ng t he sampl e and st opper secur el y .

Mi x t he cont ent s of t he f l ask f or 20 mi n usi ng t he

wr i st - act i on shaker . Add 80 mL hexane and shake

agai n f or 10 mi n . Decant t he ext r act i nt o a 1- L

separ at or y f unnel cont ai ni ng appr oxi mat el y 600 mL
dei oni zed wat er .

6. 4 Add anot her 20 mL acet one t o t he
Er l enmeyer f l ask and mi x f or 20 mi n . Add 80 mL

hexane, mi x 10 mi n, and decant t he ext r act i nt o t he

separ at or y f unnel . Repeat t he pr ocess as i n t he sec-
ond ext r act i on one mor e t i me, and col l ect t he ace-
t one- hexane ext r act i n t he separ at or y f unnel con-
t ai ni ng t he dei oni zed wat er .

6 . 5

	

Gent l y mi x t he cont ent s of t he separ at or y

f unnel f or about 1 mi n, and al l ow t he l ayer s t o sepa-
r at e . Di scar d t he aqueous l ayer and col l ect t he ex
t r act i n a 500- mL Er l enmeyer f l ask . Add about 1 g
anhydr ous sodi um sul f at e t o t he f l ask, cover wi t h
f oi l , and al l ow t o st and f or at l east 2 h or st or e i n a
r ef r i ger at or unt i l t he anal ysi s can cont i nue .

6 . 6 Quant i t at i vel y t r ansf er t he ext r act wi t h
hexane t o a K- D f l ask f i t t ed wi t h a 5- mL vol umet r i c

r ecei ver . Add a boi l i ng chi p, at t ach a one- bal l Sny
der col umn, and concent r at e t he ext r act t o about 5

Mi xt ur e
number Compound

Hi gh st andar d
concent r at i on

Low st andar d
concent r at i on

1 - - - - Li ndane 40 20

Hept achl or 40 20

Al dr i n 40 20

p, p- DDE 40 20

p, p- DDD 40 20

Mi r ex 40 20

Met hoxychl or 70 35

2 - - - - Al dr i n 40 20

Hept achl or epoxi de 40 20

Di el dr i n 40 20

Endr i n 40 20

3 - - - - Chl or dane 200 100

4 - - - - Al dr i n 40 20

Endosul f an 40 20

Per t hane 40 20

p, p- DDT 40 20

5 - - - - Toxaphene 600 300

6 - - - - o, p- DDE 40 20

o, p- DDD 40 20

o, p- DDT 40 20

7 - - - - Ar ocl or 1016 ( a PCB) 300 150

S - - - - Ar ocl or 1254 ( a PCB) 400 200

9 - - - - Ar ocl or 1260 ( a PCB) 300 150

10 - - - - Di azi non 100 50

Mal at hi on 130 65

Et hi on 100 50

11 - - - - Met hyl par at hi on 100 50

Par at hi on 100 50

Met hyl t r i t hi on 200 100

Tr i t hi on 200 100
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mL on a wat er bat h at about 90 ° C. Remove t he K- D

appar at us f r omt he wat er bat h, al l ow t o cool , dr y t he

j oi nt s wi t h a t owel , and r i nse t he j oi nt s i nt o t he

r ecei ver wi t h hexane . Di sconnect t he r ecei ver and

concent r at e on an evapor at i ve concent r at or t o 2- 4

mL, r i nsi ng down t he si des of t he r ecei ver dur i ng

concent r at i on wi t h smal l amount s of hexane . Adj ust

t he vol ume of ext r act i n t he r ecei ver t o 5 . 0 mL wi t h
hexane .

6 . 7

	

Pr epar e an al umi na col umn f or adsor pt i on
chr omat ogr aphy cl eanup, r ef er r i ng t o t abl e 3 f or t he

f r act i onat i on scheme . El ut e t he col umn wi t h 30 mL

hexane t o r emove cont ami nant s . Di scar d t he el uat e.

Quant i t at i vel y t r ansf er t he ext r act obt ai ned i n st ep
6 . 6 t o t he t op of t he col umn and el ut e usi ng 45 mL
hexane ( t he col umn voi d vol ume i s about 5 mL) .

Col l ect t he f i r st 20 mL ( f r act i on 1) and t he second

20 mL ( f r act i on 2) i n gr aduat ed cent r i f uge t ubes .

Change t he el ut i on sol vent t o benzene and col l ect 30

mL of el uat e ( f r act i on 3) . Reduce t he second and

t hi r d f r act i ons t o 1 . 0 mL each on an evapor at i ve

concent r at or and anal yze by gas chr omat ogr aphy .

Tr eat t he f i r st f r act i on as descr i bed i n st ep 6 . 8 .

6 . 8

	

Pr epar e a si l i ca col umn. El ut e t he col umn

wi t h 30 mL hexane and di scar d t he el uat e . Reduce

t he vol ume of t he f i r st al umi na f r act i on on an evapo

r at i ve concent r at or t o about 0 . 5 mL and quant i t a-

t i vel y t r ansf er i t t o t he t op of t he si l i ca col umn . Add

hexane t o t he t op of t he col umn and col l ect 25 mL of

el uat e ( f r act i on 1) i n a gr aduat ed cent r i f uge t ube .

As t he l ast of t he hexane ent er s t he t op sodi um

sul f at e l ayer , add benzene t o t he t op of t he col umn

and col l ect 30 mL of el uat e ( f r act i on 2) i n a gr adu-

at ed cent r i f uge t ube . Reduce t he vol ume of each of

t hese f r act i ons t o 1 . 0 mL on an evapor at i ve concen-

t r at or and anal yze each by gas chr omat ogr aphy .

Sul f ur can be r emoved f r omt he f i r st al umi na or f i r st

si l i ca f r act i on by addi ng sever al dr ops of mer cur y

and shaki ng f or at l east 1 mi n . The addi t i on of mer -

cur y i s cont i nued unt i l no f ur t her r eact i on occur s, as

evi denced by bl ackeni ng of t he mer cur y .

6 . 9 Pr epar e gas chr omat ogr aph cal i br at i on

cur ves dai l y wi t h t he mi xed st andar ds l i st ed i n t abl e

4 . Oper at i ng condi t i ons must be i dent i cal t o t hose

used f or sampl e anal ysi s . Cal i br at e bot h anal yt i cal

col umns. Recor d t he vol ume of t he st andar d i nj ect ed

and t he r et ent i on t i me and i nt egr at ed peak ar ea of

each component i n t he st andar d.

6 . 10

	

I nj ect an al i quot of sampl e ext r act i nt o

t he gas chr omat ogr aph . Recor d t he vol ume i nj ect ed .

I dent i f y peaks by r et ent i on t i me . The i dent i f i cat i on

must be made on bot h anal yt i cal col umns. Recor d
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t he r et ent i on t i me and i nt egr at ed ar ea of any i dent i -

f i ed peak . Di l ut e any ext r act cont ai ni ng an i dent i f i -
abl e component above t he hi ghest st andar d ( see t a-
bl e 4) .

7 . Cal cul at i ons

7 . 1 Cal cul at e t he wet wei ght r equi r ed f or a
dr y wei ght equi val ent of 50 g:

Wet wei ght ( i n g) =
W

YV2

x 50 g,

wher e

wet wei ght = wei ght of sampl e used f or ext r ac-

t i on, i n g,

W= wet wei ght of sampl e, i n g, and
W2 = dr y wei ght of sampl e, i n g .

7 . 2 Cal cul at e t he r esponse f act or of each

i dent i f i ed component i n t he cal i br at i on st andar d :

A,

RF' =

	

Cx V,

	

,

wher e

RF= r esponse f act or of i dent i f i ed component i n

cal i br at i on st andar d, i n ar ea/ pg,

CS = concent r at i on . of st andar d, i n pg/ gL,

V, = vol ume of st andar d i nj ect ed, i n gL, and

A, = i nt egr at ed peak ar ea of i dent i f i ed compo-

nent i n cal i br at i on st andar d .

7 . 3

	

Cal cul at e t he concent r at i on of each i dent i -

f i ed component i n t he or i gi nal bot t om- mat er i al sam-

pl e f r omt he equat i on
A2 XV2

Concent r at i on ( gg/ kg) =
V3xWxRF

wher e

RF= r esponse f act or of i dent i f i ed cal i br at i on

st andar d component , i n ar ea/ pg,

A2 = i nt egr at ed peak ar ea of i dent i f i ed sampl e

component ,

V2 = f i nal vol ume of sampl e ext r act , i n mL,

V3 = vol ume of sampl e ext r act i nj ect ed, i n gL,

and

W= dr y wei ght equi val ent of sampl e, i n g .

7 . 4

	

Cal cul at e t he concent r at i on of each i dent i -

f i ed component i n t he or i gi nal suspended sedi ment

f r omt he f ol l owi ng equat i on :

A2 XV2
Concent r at i on ( " o- / L) =

	

VX V4 XRF
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wher e

RF= r esponse f act or of i dent i f i ed cal i br at i on

st andar d component , i n ar ea/ pg,

AZ = i nt egr at ed peak ar ea of i dent i f i ed sampl e

component ,

V2 = f i nal vol ume of sampl e ext r act , i n mL,

V3 = vol ume of sampl e ext r act i nj ect ed, i n gL,

and

V4 =wei ght of sampl e i n g expr essed i n mL

( 1 . 000 mL = 1 . 000g) .

8 . 1

	

Bot t ommat er i al

8 . 1 . 1

	

Repor t concent r at i ons of or ganochl o-

r i ne compounds ( except chl or dane, per t hane, t oxa-

phene, PCB' s, and PCB' s) and or ganophosphor ous

i nsect i ci des i n bot t om mat er i al as f ol l ows : l ess t han

0 . 1 pg/ kg, as " l ess t han 0 . 1 Ft g/ kg" 0 . 1 t o 1 . 0

l ag/ kg, one si gni f i cant f i gur e ; 1 . 0 Fi g/ kg and above,

t wo si gni f i cant f i gur es .

8 . 1 . 2 Repor t concent r at i ons of chl or dane,

per t hane, PCB' s, and PCB' s i n bot t om mat er i al s as

f ol l ows : l ess t han 1 . 0 gg/ kg, as " l ess t han 1 . 0

gg/ kg" ; 1 . 0 l ag/ kg and above, t wo si gni f i cant

f i gur es .

8 . 1 . 3 Repor t concent r at i ons of t oxaphene

i n bot t om mat er i al s as f ol l ows : l ess t han 10 Fi g/ kg,

as " l ess t han 10 gg/ kg" ; 10 l ag/ kg and above, t wo

si gni f i cant f i gur es .

8 . 2

	

Suspended sedi ment

8 . 2 . 1

	

Repor t concent r at i ons of or ganochl o-
r i ne compounds ( except chl or dane, per t hane, t oxa-
phene, PCB' s, and PCB' s) and or ganophosphor ous

i nsect i ci des i n suspended sedi ment as f ol l ows : l ess

t han 0 . 01 gg/ L as " l ess t han 0 . 01 l ag/ L" ; 0. 01 t o
0 . 10 Fi g/ L, one si gni f i cant f i gur e ; 0 . 1 Fi g/ L and
above, t wo si gni f i cant f i gur es .

8 . 2 . 2 Repor t concent r at i ons of chl or dane,
per t hane, PCB' s, and PCB' s i n suspended sedi ment

as f ol l ows : l ess t han 0 . 1 pg/ L, as " l ess t han 0 . 1

l ag/ L" ; 0 . 1 wg/ L and above, t wo si gni f i cant f i gur es .
8 . 2 . 3 Repor t concent r at i ons of t oxaphene

i n suspended sedi ment as f ol l ows : l ess t han 1 . 0

l ag/ L, as " l ess t han 1 . 0 Fi g/ L" ; 1 . 0 gg/ L and above,
t wo si gni f i cant f i gur es .

I t i s est i mat ed t hat t he per cent r el at i ve st andar d
devi at i on f or r ecover abl e i nsect i ci des and PCB' s
f r om bot t om mat er i al and suspended sedi ment wi l l
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be gr eat er t han t hat r epor t ed f or di ssol ved i nsect i -

ci des and PCB' s ( met hod 0- 1104- 83) .

Sel ect ed r ef er ences

Goer l i t z, D. F . , and Br own, Eugene, 1972, Met hods f or anal ysi s of

or gani c subst ances i n wat er : U. S . Geol ogi cal Sur vey Tech-

ni ques of Wat er - Resour ces I nvest i gat i ons, Book 5, Chapt er

A3, 40 p .

Goer l i t z, D. F . , and Law, L. M. , 1971, Not e on r emoval of sul f ur

i nt er f er ences f r om sedi ment ext r act s f or pest i ci de anal ysi s :

Bul l et i n of Envi r onment al Cont ami nat i on and Toxi col ogy, v .

6, p . 9- 10.

1972, Chl or i nat ed napht hal enes i n pest i ci de anal ysi s : Bul -

l et i n of Envi r onment al Cont ami nat i on and Toxi col ogy, v . 7,

p . 243- 251 .

1974, Det er mi nat i on of chl or i nat ed i nsect i ci des i n sus-

pended sedi ment and bot t om mat er i al : Jour nal of t he Associ -

at i on of Of f i ci al Anal yt i cal Chemi st s, v . 57, p. 176- 181 .

Or ganochl or i ne compounds, r ecover abl e f r om

f i sh t i ssue, gas chr omat ogr aphi c ( 0- 9104- 83)

Par amet er

	

Code

Al dr i n - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

	

None assi gned .

Chl or dane

DDD

DDE

DDT

Di el dr i n

Endosul f an

Endr i n

Pol ychl or i nat ed bi phenyl s

Pol ychl or i nat ed napht hal enes

Hept achl or

Hept achl or epoxi de

Li ndane

Met hoxychl or

Mi r ex

Per t hane

Toxaphene

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on of
or ganochl or i ne compounds i n f i sh cont ai ni ng at l east

0 . 1 gg/ kg of t he anal yt e .

2.

	

Summar y of met hod

A homogeni zed sampl e of whol e f i sh or f i sh f i l l et
i s ext r act ed wi t h pet r ol eum et her t o i sol at e t he f at .
The or ganochl or i ne compounds ar e ext r act ed f r om
t he f at wi t h acet oni t r i l e . The acet oni t r i l e ext r act i s
di l ut ed wi t h wat er and ext r act ed wi t h pet r ol eum
et her t o par t i t i on t he or ganochl or i ne compounds .
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The pet r ol eum et her ext r act i s concent r at ed and pu-

r i f i ed usi ng adsor pt i on chr omat ogr aphy . Or gano-

chl or i ne compounds ar e i dent i f i ed and quant i f i ed by

gas chr omat ogr aphy usi ng el ect r on- capt ur e det ec-

t or s .

3. I nt er f er ences

Sul f ur and or ganosul f ur compounds wi l l i nt er f er e,

but t hese subst ances can be r emoved by t r eat i ng t he

f i nal ext r act s wi t h mer cur y .

4. Appar at us

4 . 1

	

Al umi na col umn : To a 130- mmx10- mm

i d gl ass t ube havi ng a coar se- por osi t y f r i t t ed di sc,

add 1 cm anhydr ous sodi um sul f at e, 10 cmal umi na,

and 1 cmanhydr ous sodi um sul f at e .

4 . 2 Bl ender , 3 . 8- L- capaci t y, War i ng, t hr ee-

speed wi t h st ai nl ess st eel cont ai ner , cover , and bl ade

assembl y, or equi val ent .

4 . 3

	

Bl ender , 1 . 2 L- capaci t y, War i ng, wi t h ex-

pl osi on- r esi st ant mot or base, bor osi l i cat e gl ass con-

t ai ner s, vi nyl / pl ast i c cover , and st ai nl ess st eel bl ade

assembl y, or equi val ent .

4 . 4 Boi l i ng chi ps, mi cr o, gr anul ar , Hengar

H- 1366C, or equi val ent . Ri nse wi t h hexane, ai r dr y,

and heat over ni ght at 300' C.

4 . 5 Concent r at or , Kuder na- Dani sh ( K- D) ,

500 mL, wi t h 5- mL and 10- mL vol umet r i c r ecei ver s

and a one- bal l Snyder col umn .

4 . 6

	

Evapor at i ve concent r at or , Or ganomat i on

N- Evap, or equi val ent .

4 . 7

	

Fi sh t i ssue pr epar at i on equi pment , con-

si st i ng of a nonpor ous cer ami c or st ai nl ess st eel cut -

t i ng boar d, a heavy- dut y st ai nl ess st eel kni f e, and a

st ai nl ess st eel spat ul a havi ng a 25- cmbl ade .

4 . 8 Gas chr omat ogr aph, Tr acor 560, or

equi val ent .

4 . 8 . 1

	

The f ol l owi ng condi t i ons ar e r ecom-

mended:

Col umns, bor osi l i cat e gl ass, 1 . 8 mx2 mm

i d oper at ed at 200' C: Col umn packi ng mat er i al s ar e

( 1) 3 per cent SP 2100 on 100/ 120 mesh Supel co

por t , or equi val ent ; and ( 2) 1 . 5 per cent SP

2250 + 1 . 95 per cent SP 2401 on 100/ 120 mesh

Supel copor t , or equi val ent .

Det ect or s, el ect r on capt ur e, oper at ed at

345° C.

I nj ect i on por t t emper at ur e, 220' C.

Car r i er gas, ni t r ogen or 5 per cent met h-

ane i n ar gon, f l ow r at e 30 mL/ mi n .
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4 . 9

	

Gl ass f i l t er , 142 mm, 0 . 3 gmmean por e

si ze, Gel man, or equi val ent : Pr epar e t he f i l t er s by

r i nsi ng wi t h acet one and hexane, evapor at i ng t he

sol vent , and heat i ng over ni ght at 300° C.

4 . 10

	

Si l i ca col umn : To a 10- mmx 130- mmi d
gl ass t ube havi ng a seal ed- i n, coar se- por osi t y f r i t t ed

di sc, add 1 cm anhydr ous sodi um sul f at e, 10 cm

si l i ca, and 1 cmanhydr ous sodi um sul f at e.

5. Reagent s

5 . 1 Acet oni t r i l e, pet r ol eum et her sat ur at ed :

Pl ace 800 mL acet oni t r i l e i n a 1- L separ at or y f un-

nel . Add suf f i ci ent pet r ol eum et her ( about 50 mL) so

t hat af t er vi gor ousl y mi xi ng, an excess of pet r ol eum

et her i s vi si bl e above t he acet oni t r i l e . Dr aw of f and

r et ai n t he l ower l ayer .

5 . 2 Al umi na adsor bent , Woel m neut r al al u-

mi numoxi de, or equi val ent : Pr epar e deact i vat ed ad-

sor bent by addi ng 8 g dei oni zed wat er t o 92 g al umi

na and shake f or at l east 2 h on a wr i st - act i on

shaker . The al umi na i s t est ed f or r equi r ed deact i va-

t i on by at t empt i ng t o el ut e t he or ganochl or i ne com-

pounds of i nt er est f r om a t est col umn accor di ng t o

t he col umn f r act i onat i on scheme ( t abl e 5) .

5 . 3

	

Mer cur y, met al l i c, r eagent gr ade .

Tabl e 5. Col umn f r act i onat i on scheme f or al umi na and si l i -

ca col umns f or or ganochl or i ne i nsect i ci des, PCB' s, and

PCB' s i n f i sh

ALUMI NA COLUMN

Fr act i on 1

	

Fr act i on 2
20 mL hexane el uat e

	

20 mL hexane el uat e

Al dr i n

	

Di el dr i n

Chl or dane

	

Endr i n

Hept achl or

	

Hept achl or epoxi de

p, p- DDD

	

Endosul f an

p, p- DDE

p, p- DDT

Li ndane

Mi r ex

Per t hane

PCB' s

PCB' s

Toxaphene

SI LI CA COLUMN

Fr act i on 1

	

Fr act i on 2
( 25 mL hexane el uat e)

	

( 30 mL bezene el uat e)

Al dr i n

	

Chl or dane

Mi r ex

	

p, p- DDD

PCB' s

	

p, p- DDE

PCB' s

	

p, p- DDT

p, p- DDE

	

Per t hane

Hept achl or

Li ndane

Toxaphene



DETERMI NATI ON OF ORGANI C SUBSTANCES I NWATERANDFLUVI AL SEDI MENTS

	

37

5 . 4 Si l i ca adsor bent , Woel m si l i ca, 70- 150

mesh, or equi val ent : Pr epar e deact i vat ed adsor bent

by addi ng 0 . 2 g dei oni zed wat er t o 99. 8 g si l i ca, and

shake f or at l east 2 h on a wr i st - act i on shaker . The

si l i ca i s t est ed f or r equi r ed deact i vat i on by at t empt -

i ng t o r epr oduce t he el ut i on scheme i n t abl e 5 .

5 . 5 Sodi um chl or i de, gr anul ar , r eagent

gr ade : Heat at 300° C over ni ght bef or e use .

5 . 6

	

Sodi umchl or i de sol ut i on, sat ur at ed : Di s-

sol ve 360 g sodi um chl or i de i n 1, 000 mL dei oni zed

wat er . Add addi t i onal sodi um chl or i de i n about 5 g

i ncr ement s, st i r r i ng wel l af t er each addi t i on, unt i l an

excess of t he sal t i s obser ved .

5 . 7 Sodi um hypochl or i t e sol ut i on, ( 5 per -

cent ) , Cl or ox bl each, or equi val ent .

5 . 8 Sodi um sul f at e, gr anul ar , anhydr ous :

Heat over ni ght at 300° C and st or e i n a cover ed

beaker at 130' C.

5 . 9 Sol vent s, acet oni t r i l e, benzene, hexane,

i so- oct ane, pet r ol eum et her , di st i l l ed i n gl ass, pest i -

ci de anal ysi s qual i t y, Bur di ck and Jackson, or equi v-

al ent .

5 . 10 Pest i ci de mi xed st andar ds, anal yt i cal

r ef er ence gr ade, EPA anal yt i cal r ef er ence st an-

Tabl e 6. Concent r at i ons of pest i ci des and PCB' s i n mi xed

st andar d sol ut i ons used f or gas chr omat ogr aph cal i br a-

t i on of f i sh t i ssue
[ Pi cogr ams per mi cr ol i t er ]

dar ds, or equi val ent : Pr epar e i ndi vi dual st ock sol u-

t i ons by wei ghi ng about 10 mg of each compound t o

at l east t hr ee si gni f i cant f i gur es, and quant i t at i vel y

t r ansf er each compound t o a 25- mL vol umet r i c

f l ask . Di l ut e t o vol ume wi t h benzene and mi x t hor -

oughl y . Al i quot s ar e r emoved and di l ut ed t o vol ume

wi t h i so- oct ane t o obt ai n f i nal concent r at i ons l i st ed

i n t abl e 6 .

6. Pr ocedur e

Al l gl asswar e must be washed i n war m det er gent

sol ut i on, r i nsed wi t h or gani c- f r ee wat er , and heat ed

at 300' C over ni ght . Ri nse al l gl asswar e, f i sh- pr epa-

r at i on equi pment , and bl ender cont ai ner s wi t h pet r o-

l eum et her bef or e use, and ai r dr y . Af t er use wi t h

f i sh sampl es, t he gl asswar e shoul d be washed i mme-

di at el y i n a war msol ut i on of det er gent and bl each t o

ai d i n t he r emoval of r esi dual oi l s and odor . Do not

use st opcock gr ease on gr ound- gl ass j oi nt s .

6 . 1

	

Sampl e pr epar at i on :

6 . 1 . 1 Scr ape t he scal es f r om whol e f i sh

sampl es and cut of f t ough f i ns . Di scar d scal es and

f i ns. Chop whol e f i sh i nt o smal l pi eces . I f sampl e i s a

f i l l et , sl i ce i nt o smal l pi eces .

6 . 1 . 2 Add f i sh pi eces t o a st ai nl ess st eel

bl ender cont ai ner , cover , and bl end unt i l a homoge-

neous sampl e i s obt ai ned . Wei gh 50 g of bl ended

sampl e and pl ace i n a t ar ed, gl ass bl ender cont ai ner .

Recor d t he wei ght of t he sampl e i n t he gl ass bl ender

cont ai ner t o t hr ee si gni f i cant f i gur es . ( Use excess

sampl e f or a dupl i cat e, or st or e i t f r ozen i f a r er un i s

needed . )

6 . 2

	

Ext r act i on of f at f r omf i sh sampl es :

6 . 2 . 1

	

Add 100 g anhydr ous sodi um sul f at e

t o t he wei ghed f i sh i n t he gl ass bl ender cont ai ner

and bl end unt i l t hor oughl y mi xed . Scr ape t he si des

of t he cont ai ner wi t h a spat ul a dur i ng mi xi ng t o

ensur e homogenei t y .

6 . 2 . 2

	

Add 150 mL pet r ol eum et her t o t he

sampl e i n t he bl ender cont ai ner , cover , and bl end at

hi gh speed f or 2 mi n usi ng t he expl osi on- r esi st ant

base . ( St ar t bl endi ng at l ow speed t o avoi d spl ashi ng

and gr adual l y i ncr ease t o hi gh) . CAUTI ON: Pet r ol e-

umet her i s ext r emel y f l ammabl e . Pr ovi de addi t i onal

ai r ci r cul at i on ar ound t he bl ender base t o pr event

sol vent f umes f r om. cont act i ng t he mot or housi ng .

6 . 2 . 3 Sl owl y decant t he pet r ol eum et her

ext r act i nt o a Buchner f unnel f i t t ed wi t h f i l t er pa-

per . Sl owl y f i l t er t he ext r act i nt o t he f i l t r at i on f l ask

usi ng a wat er aspi r at or . ( Car e must be t aken t o

pr event sol i ds f r oment er i ng t he f i l t r at e . )

Mi xt ur e

number Compound

Hi gh st andar d

concent r at i on

Lowst andar d

concent r at i on

1- - - - - - Li ndane 40 20

Hept achl or 40 20

Al dr i n 40 20

p, p- DDE 40 20

p, p- DDD 40 20

Mi r ex 40 20

Met hoxychl or 70 35

2- - - - - - Al dr i n 40 20

Hept achl or epoxi de 40 20

Di el dr i n 40 20

Endr i n 40 20

3 - - - - - - Chl or dane 200 100

4- - - - - - Al dr i n 40 20

Endosul f an 40 20

Per t hane 40 20

p, p- DDT 40 20

5- - - - - - Toxaphene 600 300

6- - - - - - o, p- DDE 40 20

o, p- DDD 40 20

o, p- DDT 40 20

7- - - - - - Ar ocl or 1016 ( a PCB) 300 150

8- - - - - - Ar ocl or 1254 ( a PCB) 400 200

9- - - - - - Ar ocl or 1260 ( a PCB) 300 150
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6 . 2 . 4

	

Scr ape down t he wal l s of t he bl ender
cont ai ner and br eak up any caked mat er i al wi t h a
spat ul a. Add 100 mL pet r ol eum et her , cover , and
r epeat t he ext r act i on ( st ep 6 . 2 . 2) , bl endi ng f or 1
mi n. Scr ape down t he wal l s of t he bl ender cont ai ner
and bl end f or anot her mi nut e .

6 . 2 . 5 Sl owl y decant t he pet r ol eum et her
ext r act i nt o t he Buchner f unnel and f i l t er .

6 . 2 . 6 Repeat st eps 6 . 2 . 4 and 6 . 2 . 5 . Quan-
t i t at i vel y t r ansf er t he r emai ni ng f i sh r esi due f r om
t he bl ender t o t he Buchner f unnel usi ng t he spat ul a
and smal l amount s of pet r ol eum et her t o ai d i n t he
t r ansf er . Cont i nue aspi r at i ng unt i l t he r esi due ap-

pear s dr y .

6 . 2 . 7

	

Quant i t at i vel y t r ansf er t he f i l t r at e t o
a 500- mL Er l enmeyer f l ask . Add 2 g anhydr ous so-
di um sul f at e, cover t he f l ask, and al l ow t o st and f or
at l east 1 h.

6 . 2 . 8

	

Wei gh a 10- mL r ecei ver f or t he con-
cent r at i on st ep and r ecor d i t s wei ght t o t wo si gni f i -

cant f i gur es . Quant i t at i vel y t r ansf er t he ext r act i nt o
a K- D f l ask f i t t ed wi t h t he wei ghed r ecei ver . Add a
boi l i ng chi p, f i t t he K- D f l ask wi t h a Snyder col umn,
and concent r at e t he ext r act t o about 5 mL on a
wat er bat h mai nt ai ned at 90° C.

6 . 2 . 9

	

Remove t he K- D appar at us f r om t he

wat er bat h, di sconnect t he r ecei ver , and pl ace i t on

an evapor at i ve concent r at or t o evapor at e any r e
mai ni ng pet r ol eum et her . The r ecei ver cont ai ns t he
f at ext r act .

6 . 2 . 10 Wei gh t he r ecei ver , r ecor d t he

wei ght , and cal cul at e t he wei ght of t he ext r act . I f

t he ext r act ed f at wei ghs mor e t han 3 g, t ake 3 . 0 g

f or t he l i qui d- l i qui d par t i t i oni ng ( st ep 6 . 3) and use

t he f or mul a i n cal cul at i on 7 . 1 t o det er mi ne t he f i nal

sampl e wei ght . I f t he wei ght of t he ext r act ed f at i s 3

g or l ess, t he anal ysi s i s based on t he wei ght of t he

or i gi nal sampl e ( st ep 6 . 1 . 1) .

6 . 3

	

Li qui d- l i qui d par t i t i oni ng:

6 . 3 . 1

	

Quant i t at i vel y t r ansf er t he ext r act ( 3

g or l ess) t o a 125- mL separ at or y f unnel usi ng smal l

amount s of pet r ol eum et her t o br i ng t he t ot al vol -

ume t o about 15 mL.

6 . 3 . 2 Add 30- mL pet r ol eum- et her - sat ur at -

ed acet oni t r i l e t o t he separ at or y f unnel . St opper and

shake vi gor ousl y f or at l east 1 mi n, vent i ng of t en .

Al l ow t he l ayer s t o separ at e .

6 . 3 . 3

	

Dr ai n t he acet oni t r i l e l ayer ( bot t om)

i nt o a 1, 000- mL sat ur at ed sodi um chl or i de sol ut i on,

and add 100 mL pet r ol eum et her . Ret ai n t he f at

ext r act i n t he 125- mL f unnel .

TECHNI QUES OFWATER- RESOURCESI NVESTI GATI ONS

6 . 3 . 4 Repeat st eps 6 . 3 . 2 and 6 . 3 . 3 t wi ce .
Combi ne al l acet oni t r i l e ext r act s i n t he 1, 000- mL
separ at or y f unnel .

6 . 3 . 5 St opper t he 1, 000- mL separ at or y
f unnel and shake vi gor ousl y f or 1 mi n, vent i ng of t -
en . Al l ow t he l ayer s t o separ at e and dr ai n t he aque
ous l ayer i nt o a 1- L gl ass bot t l e . Pour t he pet r ol eum
et her ext r act f r om t he f unnel i nt o a 250- mL
Er l enmeyer f l ask .

6 . 3 . 6

	

Ret ur n t he aqueous l ayer t o t he sepa-
r at or y f unnel , add 100 mL pet r ol eum et her t o t he
bot t l e, swi r l t o r i nse si des, and pour i nt o separ at or y
f unnel .

6 . 3 . 7 Repeat t he ext r act i on ( st ep 6 . 3 . 5) .
Al l ow t he l ayer s t o separ at e, di scar d t he aqueous
l ayer , and add t he ext r act t o t he Er l enmeyer f l ask
cont ai ni ng t he f i r st ext r act ( st ep 6 . 3 . 5) . I f t he ex-
t r act i s hi ghl y col or ed, wash i t t wi ce by ext r act i ng i t
wi t h 100- mL por t i ons of dei oni zed wat er . Di scar d
t he aqueous l ayer s af t er each ext r act i on and t r ans-

f er t he f i nal ext r act t o t he 250- mL Er l enmeyer
f l ask . Add 2 g sodi um sul f at e t o t he f l ask, cover , and
al l ow t he ext r act t o st and over sodi um sul f at e f or at
l east 1 h.

6 . 4

	

Concent r at i on and cl eanup :

6 . 4 . 1 Quant i t at i vel y t r ansf er t he ext r act

wi t h hexane t o a K- D f l ask f i t t ed wi t h a 5- mL vol u-
met r i c r ecei ver . Add a boi l i ng chi p, at t ach a Snyder
col umn, and concent r at e t he ext r act t o about 5 mL
on a 95' C wat er bat h . Remove t he K- D appar at us
f r om t he wat er bat h, al l ow t o cool , wi pe t he j oi nt s
wi t h a t owel , di sconnect t he r ecei ver , r i nse t he l ower
j oi nt wi t h hexane i nt o t he r ecei ver , and concent r at e
t he ext r act on an evapor at i ve concent r at or t o 2- 4

mL. Ri nse down t he si des of t he r ecei ver dur i ng

concent r at i on wi t h smal l amount s of hexane . Adj ust
t he vol ume of ext r act i n t he r ecei ver t o 5 . 00 mL wi t h
hexane .

6 . 4 . 2 Pr epar e an al umi na col umn f or t he

al umi na f r act i onat i on, r ef er r i ng t o t abl e 5 f or t he

f r act i onat i on scheme. El ut e t he col umn wi t h 30 mL

hexane t o r emove cont ami nant s . Di scar d t he el uat e .
Quant i t at i vel y t r ansf er t he ext r act f r om st ep 6 . 4 . 1

t o t he t op of t he col umn and el ut e usi ng 45 mL

hexane ( t he col umn hol dup i s about 5 mL) . Col l ect

t he f i r st 20 mL ( f r act i on 1) and t he second 20 mL
( f r act i on 2) i n gr aduat ed cent r i f uge t ubes . Reduce

t he second al umi na f r act i on t o 1 . 0 mL on t he evapo-

r at i ve concent r at or and anal yze by gas chr omat og-

r aphy. Tr eat t he f i r st al umi na f r act i on as descr i bed

i n st ep 6 . 4 . 3 .
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6 . 4 . 3

	

Pr epar e a si l i ca col umn f or t he si l i ca

f r act i onat i on, r ef er r i ng t o t abl e 5 . El ut e t he col umn

wi t h 30 mL hexane and di scar d t he el uat e . Reduce

t he vol ume of t he f i r st al umi na f r act i on t o about 0 . 5

mL on t he evapor at i ve concent r at or and quant i t a-

t i vel y t r ansf er i t t o t he t op of t he si l i ca col umn. Add

hexane t o t he t op of t he col umn and col l ect 25 mL of

el uat e ( f r act i on 1) i n a gr aduat ed cent r i f uge t ube .

As t he l ast of t he hexane ent er s t he t op sodi um

sul f at e l ayer , add benzene t o t he t op of t he col umn

and col l ect 30 mL of el uat e ( f r act i on 2) i n a gr adu-

at ed cent r i f uge t ube . Reduce t he vol ume of each of

t hese t wo f r act i ons t o 1 . 0 mL on t he evapor at i ve

concent r at or , and anal yze each by gas chr omat ogr a-

phy- Removal

of sul f ur f r om t he f i r st al umi na

and f i r st si l i ca f r act i ons i s accompl i shed by addi ng

sever al dr ops of mer cur y and shaki ng f or at l east 1

mi n . The addi t i on of mer cur y i s cont i nued unt i l no

f ur t her r eact i on occur s, as evi denced by bl ackeni ng

of t he mer cur y .

6 . 5

	

Sampl e anal ysi s :

6 . 5 . 1 Pr epar e gas chr omat ogr aph cal i br a-

t i on cur ves dai l y wi t h t he mi xed st andar ds l i st ed i n

t abl e 6 . Oper at i ng condi t i ons must be i dent i cal t o

t hose used f or sampl e anal ysi s . Cal i br at e bot h ana-

l yt i cal col umns. Recor d t he vol ume of t he st andar d

i nj ect ed and t he r et ent i on t i me and i nt egr at ed peak

ar ea of each component i n t he st andar d .

6 . 5 . 2 I nj ect an al i quot of sampl e ext r act

( f r om st eps 6 . 4 . 2 and 6 . 4 . 3) i nt o t he gas chr o-

mat ogr aph. Recor d t he vol ume i nj ect ed . I dent i f y

peaks by r et ent i on t i me . The i dent i f i cat i on must be

made on bot h anal yt i cal col umns . Recor d t he r et en-

t i on t i me and i nt egr at ed ar ea of any i dent i f i ed peak .

Di l ut e any ext r act cont ai ni ng an i dent i f i abl e compo-

nent above t he hi ghest st andar d.

7 . 1 Det er mi ne t he equi val ent subsampl e

wei ght f r omt he f ol l owi ng equat i on:

WXW3
W=

W
,

2

( W= W2 when W2 i s equal t o or l ess t han 3 g)

wher e

W= equi val ent subsampl e wei ght , i n g,

W= wei ght of f at t aken f or cl eanup, i n g,

W2 = t ot al wei ght of ext r act ed f at , i n g, and

W3 = wei ght of or i gi nal f i sh subsampl e, i n g .

7 . 2 Cal cul at e t he r esponse f act or of each

i dent i f i ed component i n t he cal i br at i on st andar d :

wher e

RF=r esponse f act or of i dent i f i ed component i n

cal i br at i on st andar d, i n ar ea/ pg,

CS = concent r at i on of st andar d, i n pg/ gL ( st ep

5 . 10) ,

V = vol ume of st andar d i nj ect ed, i n gL ( st ep

6 . 5 . 1) , and

A, = i nt egr at ed peak ar ea of i dent i f i ed compo-

nent i n cal i br at i on st andar d ( st ep 6 . 5 . 1) .

7 . 3

	

Cal cul at e t he concent r at i on of each i dent i -

f i ed component ( see st ep 6 . 5 . 2) i n t he or i gi nal f i sh

sampl e f r omt he equat i on

wher e

RF= r esponse f act or of i dent i f i ed cal i br at i on

st andar d component , i n ar ea/ pg ( st ep

7 . 2) ,

A2 = i nt egr at ed peak ar ea of i dent i f i ed sampl e

component ( st ep 6 . 5 . 2) ,

V2 = f i nal vol ume of sampl e ext r act , i n mL ( st ep

6 . 4 . 3) ,

V3 = vol ume of sampl e ext r act i nj ect ed, i n AI L

( st ep 6. 5 . 2) , and

W=equi val ent subsampl e wei ght of f i sh, i n g

( cal cul at i on 7 . 1) .

8. Repor t

8 . 1 Repor t concent r at i ons of or ganochl or i ne

compounds ( except chl or dane, per t hane, and t oxa-

phene) i n f i sh sampl es as f ol l ows : l ess t han 0 . 1

pg/ kg, as " l ess t han 0 . 1 wg/ kg" ; 0 . 1 t o 1 . 0 gg/ kg,

one deci mal ; 1 . 0 gg/ kg and above, t wo si gni f i cant

f i gur es .

8. 2 Repor t concent r at i ons of chl or dane,

per t hane, PCB' s, and PCB' s i n f i sh sampl es as f ol -

l ows : l ess t han 1 . 0 gg/ kg, as " l ess t han 1 . 0 i gg/ kg" ;

1 . 0 l eg/ kg and above, t wo si gni f i cant f i gur es .

8 . 3 Repor t concent r at i ons of t oxaphene i n

f i sh sampl es as f ol l ows : l ess t han 10 i gg/ kg, as " l ess

t han 10 gg/ kg" ; 10 l eg/ kg and above, t wo si gni f i -

cant f i gur es .

9. Pr eci si on

A,
RF =

CS x V

2xV

Concent r at i on ( gg/ L) =

	

A

V3 x WXRF

Pr eci si on dat a ar e not avai l abl e .

39
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gani c Pest i ci des i n t he Envi r onment , p . 187- 199 .

Law, L . M. , and Goer l i t z, D. F . , 1970, Mi cr ocol umn chr omat o-

gr aphi c cl eanup f or t he anal ysi s of pest i ci des i n wat er : Jour -

nal of t he Associ at i on Of f i ci al Anal yt i cal Chemi st s, v . 53, no .

6, p . 1276- 1286 .

Thompson, J . F . , ed. , 1974, Anal ysi s of pest i ci de r esi dues i n

human and envi r onment al sampl es : Resear ch Tr i angl e Par k,

N. C. , U. S . Envi r onment al Pr ot ect i on Agency, Envi r onment al

Toxi col ogy Di vi si on, Heal t h Ef f ect s Resear ch Labor at or y,

Sec . 5, A( 1) , p . 1- 14 .

( U. S . ) Feder al Wat er Pol l ut i on Cont r ol Admi ni st r at i on, 1969,

FWPCA met hod f or chl or i nat ed hydr ocar bon pest i ci des i n

wat er and wast ewat er : Feder al Wat er Pol l ut i on Cont r ol Ad-

mi ni st r at i on, Ci nci nnat i , Ohi o, p . 29 .

Chl or ophenoxy aci ds, t ot al r ecover abl e

( 0- 3105- 83) and di ssol ved ( 0- 1105- 83) , gas

chr omat ogr aphi c

Code
Par amet er

	

Tot al r ecover abl e

	

Di ssol ved

2, 4- D - - - - - - - - - - - - - - - - - - - - - 39730

	

39732

2, 4- DP - - - - - - - - - - - - - - - - - - - - 82183

	

82356

Si l vex- - - - - - - - - - - - - - - - - - - - - 39760

	

39762

2, 4, 5- T- - - - - - - - - - - - - - - - - - - - 39740 39742

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on of

chl or ophenoxy aci d her bi ci des, and t hei r est er s and

sal t s, i n wat er and wat er - suspended- sedi ment mi x-

t ur es cont ai ni ng at l east 0 . 01 pg/ L of t he anal yt e .

2.

	

Summar y of met hod

Chl or ophenoxy aci d her bi ci des and t hei r est er s

ar e ext r act ed wi t h ei t her di et hyl or met hyl t - but yl

et her f r om an aci di f i ed wat er sampl e . The ext r act ed

her bi ci des ar e hydr ol yzed t o t he f r ee aci ds whi ch ar e

conver t ed t o t hei r met hyl est er s wi t h bor on t r i f l uo-
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r i de- met hanol and pur i f i ed usi ng adsor pt i on chr o-

mat ogr aphy . The met hyl est er s ar e det er mi ned by

gas chr omat ogr aphy usi ng el ect r on capt ur e det ec-
t or s.

3. I nt er f er ences

Hal ogenat ed or gani c aci ds, and t hei r sal t s and
est er s, may cause i nt er f er ence .

4. Appar at us

4 . 1 Boi l i ng chi ps, gr anul es, mi cr o, Hengar ,

H- 1366C, or equi val ent : Ri nse wi t h hexane, ai r dr y,

and heat at 300° C over ni ght .

4 . 2

	

Cent r i f uge t ube, 5 mL, Pyr ex, gr aduat ed,
wi t h gr ound- gl ass st opper .

4 . 3 Concent r at or , Kuder na- Dani sh ( K- D) ,

125- mL f l ask and 5 . 0- mL r ecei ver , one- bal l Snyder

col umn, and modi f i ed mi cr o- Snyder col umn, Kont es

569251, or equi val ent .

4 . 4

	

Fl or i si l col umn, a di sposabl e gl ass pi pet
wi t h gl ass- wool pl ug: Fi l l t o a dept h of 1 . 5 cm wi t h
f l or i si l adsor bent , f ol l owed by 2 cmsodi umsul f at e.

4 . 5 Gas chr omat ogr oph, Tr acor Model 550,

or equi val ent .

4 . 5 . 1 The f ol l owi ng condi t i ons ar e r ecom-

mended:

Col umns, bor osi l i cat e gl ass, 1 . 8 mx 2 mm

i d ( i nsi de di amet er ) , oper at ed at 180' C: Col umn

packi ng mat er i al s ar e ( 1) 3 per cent SP 2100 on
100/ 120 mesh Supel copor t ; and ( 2) 3 per cent SP

2250 on 100/ 120 mesh Supel copor t , or equi val ent .

Det ect or , dual el ect r on capt ur e oper at ed at

350° C.

I nj ect i on por t t emper at ur e, 200° C.

Car r i er gas, ni t r ogen, f l ow r at e 20
mL/ mi n .

4 . 6

	

Gl ass f i l t er s, 142 mm, 0 . 3 gmmean por e

si ze, Gel man, or equi val ent : Pr epar e t he f i l t er s by

r i nsi ng wi t h acet one and hexane, evapor at i ng t he
sol vent , and heat i ng over ni ght at 300' C.

4 . 7

	

Gl ass wool , f i ne, r i nsed wi t h hexane, ai r

dr i ed, and heat ed at 300 ° C over ni ght .

4 . 8

	

Sandbat h, Tecam, or equi val ent .

5. Reagent s

5 . 1

	

Bor on t r i f uor i de- met hanol est er i f i cat i on

r eagent , 14 per cent BF3 ; ( wei ght / vol ume ; w/ v) i n

met hanol , Appl i ed Sci ence Labs, or equi val ent .

5 . 2 Fl or i si l adsor bent , commer ci al l y act i vat -

ed at 650 ° C, washed wi t h hexane, al l owed t o ai r

dr y, and st or ed at 130° C i n a gl ass- st opper ed f l ask:

Pr i or t o use, t he f l or i si l i s deact i vat ed by addi ng 10

per cent wat er by wei ght and shaki ng f or at l east 2 h
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on a wr i st - act i on shaker . The f l or i si l i s t hen t est ed

f or act i vi t y by at t empt i ng t o el ut e t he her bi ci des of

i nt er est wi t h benzene f r om a t est col umn . I f t he t est

compounds do not el ut e wi t hi n 2 . 0 mL, f ur t her deac-

t i vat i on i s r equi r ed unt i l t he desi r ed r esul t s ar e ob-

t ai ned .

5 . 3 Pot assi um hydr oxi de sol ut i on, 37 per -

cent ( w/ v) : Di ssol ve 78 g KOH r eagent - gr ade pel l et s
i n 200 mL dei oni zed wat er . I t ef l ux f or 8 h.

5 . 4

	

Sodi umsul f at e, aci di f i ed : Pr epar e a sl ur -

r v of sodi um sul f at e wi t h enough di et hyl et her t o
cover t he cr yst al s, and aci di f y t o pH 2 or l ess by
addi ng a f ew mi l l i l i t er s of concent r at ed sul f ur i c aci d.
Det er mi ne t he pH by t r ansf er r i ng a smal l por t i on of

t he sl ur r y t o a beaker and r emovi ng t he et her by

evapor at i on . Add a f ew dr ops of dei oni zed wat er t o
t he cr yst al s and measur e t he pH wi t h pH paper .
Al l ow t o ai r dr y over ni ght . St or e i n a cover ed Pyr ex
beaker or f l ask at 130' C.

5 . 5 Sodi um sul f at e, gr anul ar , anhydr ous:

Heat over ni ght at 300° C and st or e cover ed at

130' C.

5 . 6

	

Sodi umsul f at e sol ut i on, 5 per cent ( w/ v) :

Di ssol ve 50 g neut r al sodi um sul f at e i n dei oni zed

wat er and di l ut e t o 1 L .

5 . 7 Sol vent s, benzene, unpr eser ved di et hyl
et her or met hyl t - but yl et her , and i so- oct ane, di s-
t i l l ed i n gl ass, pest i ci de anal ysi s qual i t y, Bur di ck and
Jackson, or equi val ent : Di et hyl et her pr eser ved wi t h

et hanol cannot be used i n t hi s pr ocedur e because i t

r esul t s i n t he f or mat i on of ext r aneous et hyl est er s.

5 . 8

	

St andar ds, met hyl est er s of ehl or ophe-

noxy aci d her bi ci des, EPA anal yt i cal r ef er ence

gr ade or equi val ent : Pr epar e a st ock sol ut i on by
wei ghi ng about 10 mg of compound t o at l east t hr ee

si gni f i cant f i gur es and t r ansf er t o a 25- mL vol umet -
r i c f l ask. Di l ut e t o vol ume wi t h benzene and mi x
t hor oughl y . Pr epar e a ser i es of mi xed- compound

st andar ds by vol umet r i c di l ut i on wi t h i so- oct ane, as
descr i bed i n t abl e 7 .

5 . 9

	

Sul f ur i c aci d, concent r at ed ( sp . gr . 1 . 84) ,
Mal l i nckr odt anal yt i cal r eagent , A. C. S . gr ade, or
equi val ent .

5 . 10

	

Sul f ur i c aci d, ( 1 - 1- 3) : Pr epar e by add-
i ng 1 par t concent r at ed sul f ur i c aci d t o 3 par t s
dei oni zed wat er . St or e i n a r ef r i ger at or at VC.C.

5 . 11

	

Wat er , dei oni zed, or gani c- f r ee .

6 . Pr ocedur e

Al l gl asswar e must be washed i n war mdet er gent

sol ut i on, r i nsed wi t h or gani c- f r ee wat er , and heat ed

Tabl e 7. Concent r at i on of her bi ci des i n mi xed st andar d so-

l ut i ons used f or gas chr omat ogr aph cal i br at i on of wat er

and wat er - suspended sedi ment

[ Pi cogr ams per mi cr ol i t er ]

4 1

at 300' C over ni ght . Pr i or t o use, al l gl asswar e i s

r i nsed wi t h t he sol vent i t wi l l cont act . St opcock

gr ease shoul d not be used on gr ound- gl ass j oi nt s .

For t he det er mi nat i on of di ssol ved component s,

f i l t er t he sampl e t hr ough a gl ass f i l t er t o r emove t he

suspended mat er i al . Pour t he f i l t r at e i nt o t he or i gi -

nal sampl e bot t l e and cont i nue wi t h t he pr ocedur e .

6 . 1

	

I mmedi at el y upon r ecei pt of a sampl e i n

t he l abor at or y, i t must be aci di f i ed t o pH 2 or l ower

wi t h concent r at ed sul f ur i c aci d and st or ed at VC.C.

6 . 2 A bl ank must accompany each gr oup of

sampl es . For each sampl e, r i nse a 1, 000- mL separ a-

t or y f unnel and a 250- mL Er l enmeyer f l ask wi t h

et her .

6 . 3

	

Wei gh t he sampl e bot t l e pl us sampl e and

r ecor d t he wei ght t o t hr ee si gni f i cant f i gur es .

6 . 4

	

Pour t he sampl e i nt o t he separ at or y f un-

nel and al l ow t he bot t l e t o dr ai n compl et el y . Wei gh

t he empt y bot t l e and r ecor d t he wei ght t o t hr ee
si gni f i cant f i gur es . Cal cul at e and r ecor d t he sampl e

wei ght .

6 . 5

	

Add 150 mL et her t o t he sampl e bot t l e,

r i nse t he si des t hor oughl y, and pour t he sol vent i nt o

t he separ at or y f unnel . The Tef l on- l i ned cap i s not

r i nsed because of t he pot ent i al f or cont ami nat i on

f r om sol vent t hat has cont act ed t he t hr eads and t he
sur f ace beneat h t he Tef l on l i ner . Shake t he f unnel
vi gor ousl y f or at l east 1 mi n, vent i ng of t en. Al l ow

t he l ayer s t o separ at e and dr ai n t he aqueous l ayer .

Pour t he et her ext r act i nt o t he Er l enmeyer f l ask .

Ext r act t he sampl e t wi ce mor e, usi ng 50 mL et her

each t i me, and col l ect t he ext r act s i n t he Er l enmeyer
f l ask .

6 . 6 Add 15 mL di st i l l ed wat er , 2 . 0 mL 37
per cent KOH, and a boi l i ng chi p t o t he ext r act . Fi t

t he f l ask wi t h a Snyder col umn and heat t he assem

bl y on a st eam bat h f or a t ot al of 90 mi n, dur i ng
whi ch t i me t he et her wi l l evapor at e and t he her bi -

ci de est er s ar e hydr ol yzed .

Her bi ci de
Hi gh st andar d

concent r at i on

Lowst andar d

concent r at i on

2, 4- DP- - - - - - - - - - - - - - - - - 100 50

2, 4- D- - - - - - - - - - - - - - - - - - 100 50

2, 4, 5- T - - - - - - - - - - - - - - - - 40 20

Si l vex- - - - - - - - - - - - - - - - - - - 40 20



4 2

6 . 7 Remove t he assembl y f r om t he wat er

bat h, al l ow t o cool , and quant i t at i vel y t r ansf er t he

wat er t o a 125- mL separ at or y f unnel . Ext r act t he

basi c sol ut i on wi t h 20 mL et her and di scar d t he
et her l ayer ; r epeat t wi ce wi t h 10 mL et her and di s-
car d t he et her l ayer s. The her bi ci de pot assi um sal t s

r emai n i n t he aqueous phase. Add 2 mL sul f ur i c aci d

( 1 - i - 3) t o t he cont ent s of t he f unnel t o br i ng t he pH

t o 2 or bel ow, and ext r act t he aqueous phase wi t h 20

mL et her ; r epeat t wi ce wi t h 10 mL et her t o ext r act
t he her bi ci des i n t hei r aci d f or ms. Col l ect t he et her

ext r act s i n a 125- mL Er l enmeyer f l ask cont ai ni ng

about 0 . 5 g aci di f i ed sodi um sul f at e . Cover t he f l ask

wi t h f oi l and set asi de f or at l east 1 h, or st or e i n a

r ef r i ger at or unt i l anal ysi s can cont i nue.

6 . 8

	

Quant i t at i vel y t r ansf er t he et her ext r act

i nt o a K- D appar at us f i t t ed wi t h a 5- mL vol umet r i c
r ecei ver . add 1 mL benzene and a boi l i ng chi p . Con

cent r at e t he ext r act t o about 0 . 5 mL on a f l ui di zed

sandbat h heat ed t o 60- 70° C. Under no ci r cum-

st ances shoul d t he ext r act be al l owed t o evapor at e

compl et el y t o dr yness . Cl ear sand f r om t he gl ass

j oi nt bef or e openi ng. ( Use a wat er bat h at 80' C f or
met hyl t - but yl et her ext r act s . ) Ri nse t he bot t om

j oi nt wi t h benzene i nt o t he r ecei ver .

6 . 9

	

Af t er t he benzene sol ut i on i n t he r ecei ver

has cool ed, add 0 . 5 mL bor on t r i f l uor i de- met hanol

r eagent . The modi f i ed Snyder col umn i s used as an

ai r - cool ed condenser , and t he cont ent s of t he r ecei v-

er ar e hel d at 50° C f or 30 mi n i n a sandbat h . Cool

t he r eact i on mi xt ur e t o r oom t emper at ur e and add

sodi um sul f at e sol ut i on unt i l t he benzene- aqueous

sol ut i on i nt er f ace i s obser ved i n t he r est r i ct ed neck

of t he r ecei ver . St opper t he r ecei ver , shake vi gor ous-

l y f or 1 mi n, and al l ow t o st and f or at l east 1 h f or

phase separ at i on. Loosen t he st opper af t er shaki ng .

6 . 10

	

Tr ansf er t he benzene l ayer f r om t he r e-

cei ver t o a f l or i si l col umn. El ut e wi t h benzene unt i l a

t ot al of 2 . 0 mL of benzene has been col l ect ed i n a

gr aduat ed cent r i f uge t ube. Anal yze t he el uat e by

gas chr omat ogr aphy .

6 . 11 Pr epar e gas chr omat ogr aph cal i br at i on

cur ves dai l y wi t h t he mi xed st andar ds l i st ed i n t abl e

7 . Oper at i ng condi t i ons must be i dent i cal t o t hose

used f or sampl e anal ysi s . Cal i br at e bot h anal yt i cal

col umns. Recor d t he vol ume of t he st andar d i nj ect ed

and t he r et ent i on t i me and i nt egr at ed peak ar ea of

each component i n t he st andar d.

6 . 12

	

I nj ect an al i quot of sampl e ext r act i nt o

t he gas chr omat ogr aph . Recor d t he vol ume i nj ect ed .

I dent i f y peaks by r et ent i on t i me . The i dent i f i cat i on

must be made on bot h anal yt i cal col umns . Recor d
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t he r et ent i on t i me and i nt egr at ed ar ea of any i dent i -

f i ed peak. Di l ut e any ext r act cont ai ni ng an i dent i f i -

abl e component above t he hi ghest st andar d .

7 . Cal cul at i ons

7 . 1 Cal cul at e t he r esponse f act or of each

i dent i f i ed component i n t he cal i br at i on st andar d :

8. Repor t

RF =

	

A,

CXV,

wher e

RF=r esponse f act or of i dent i f i ed component i n

cal i br at i on st andar d, i n ar ea/ pg,

CS = concent r at i on of st andar d, i n pg/ gL, ( st ep

5 . 8,

V, = vol ume of st andar d i nj ect ed, i n p. L ( st ep

6 . 11) , and

A, = i nt egr at ed peak ar ea of an i dent i f i ed com-

ponent i n cal i br at i on st andar d ( st ep

6 . 11) .

7 . 2

	

Cal cul at e t he concent r at i on of each i dent i -

f i ed component i n t he or i gi nal sampl e f r om t he

equat i on

Concent r at i on ( gg/ L) =
A2X V2

V3xWxRF

wher e

RF=r esponse f act or of i dent i f i ed component i n

sampl e, i n ar ea/ pg,

A2 = i nt egr at ed peak ar ea of i dent i f i ed compo-

nent ,

V2 = f i nal vol ume of sampl e ext r act , i n mL,

V3 = vol ume of sampl e ext r act i nj ect ed, i n gL,

and

W= wei ght of sampl e i n g, expr essed i n mL

( 1 . 000 mL= 1 . 000 g) .

7 . 3 Cal cul at e t he f r ee chl or ophenoxy aci d

concent r at i on :

Concent r at i on of aci d ( wg/ L) = Cxf ,

wher e

C= concent r at i on of met hyl est er ( cal cul at i on

7 . 2) , and

_

	

mol ecul ar wei ght of aci d

f

	

mol ecul ar wei ght of met hyl est er

Repor t chl or ophenoxy aci d her bi ci de concent r a-

t i ons as f ol l ows : l ess t han 0 . 01 Fi g/ L, as " l ess t han
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0 . 01 gg/ L" ; 0 . 01 gg/ L t o 0 . 10 pg/ L, one si gni f i cant

f i gur e ; 0 . 10 l ag/ L and above, t wo si gni f i cant f i gur es .

9 . 1 Pr eci si on f or di ssol ved chl or ophenoxy

aci ds i n dei oni zed wat er f or 35 r epl i cat es usi ng

di et hyl et her i s as f ol l ows :
Mean Rel at i ve

Spi ked concent r at i on st andar d

concent r at i on det er mi ned devi at i on

Compound

	

4L9/ L) 4t 91L) ( Per cent )

2, 4- D - - - - - - - - - - - - - - - - - - - -

	

0 . 10

	

0 . 075

	

10 . 0

Si l vex - - - - - - - - - - - - - - - - - - - -

	

. 048

	

. 036

	

11 . 6

2, 4, 5- T- - - - - - - - - - - - - - - - - - - . 058 . 045 12 . 2

9 . 2 Pr eci si on f or di ssol ved chl or ophenoxy

aci ds i n dei oni zed wat er f or 35 r epl i cat es usi ng

met hyl t - but yl et her i s as f ol l ows :
Mean Rel at i ve

Spi ked concent r at i on st andar d

concent r at i on det er mi ned devi at i on
Compound

	

( AgI L) ( W9l L) ( per cent )

2, 4- D - - - - - - - - - - - - - - - - - - - -

	

0 . 10

	

0 . 083

	

10. 1

Si l vex - - - - - - - - - - - - - - - - - - - -

	

. 048

	

. 040

	

10. 4

2, 4, 5- T- - - - - - - - - - - - - - - - - - - . 056 . 049 10. 0

9 . 3 I t i s est i mat ed t hat t he per cent r el at i ve

st andar d devi at i on f or t ot al r ecover abl e chl or ophe-

noxy aci ds wi l l be gr eat er t han t hat r epor t ed f or

di ssol ved chl or ophenoxy aci ds .

Sel ect ed r ef er ences

Goer l i t z, D. F. , and Br own, Eugene, 1972, Met hods f or anal ysi s of

or gani c subst ances i n wat er : U. S . Geol ogi cal Sur vey Tech-

ni ques of Wat er - Resour ces I nvest i gat i ons, Book 5, Chapt er

A3, 40 p .

Goer l i t z, D. F. , and Lamar , W. L. , 1967, Det er mi nat i on of phenoxy

aci d her bi ci des i n wat er by el ect r on- capt ur e and

mi cr ocoul omet r i c gas chr omat ogr aphy : U. S . Geol ogi cal Sur -

vey Wat er - Suppl y Paper 1817- C, 21 p .

Chl or ophenoxy aci ds, r ecover abl e f r ombot t om

mat er i al ( 0- 5105- 83) and r ecover abl e f r om

suspended sedi ment ( 0- 7105- 83) , gas

chr omat ogr aphi c

Code
Recover abl ef r om Recover abl ef r om

Par amet er

	

bot t om mat er i al

	

suspendedsedi ment

2, 4- D- - - - - - - - - - - - - - - - - - 39731 39733

2, 4- DP - - - - - - - - - - - - - - - - -

	

34609

	

34608
Si l vex - - - - - - - - - - - - - - - - -

	

39761

	

39763

2, 4, 5- T - - - - - - - - - - - - - - - -

	

39741

	

39743

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on of

chl or ophenoxy aci d her bi ci des, and t hei r est er s and

sal t s, i n bot t om mat er i al and i n suspended sedi ment

i sol at ed f r om wat er cont ai ni ng at l east 0 . 1 gg/ kg

and 0 . 01 gg/ L of t he anal yt e, r espect i vel y .

2.

	

Summar y of met hod

Chl or ophenoxy aci d her bi ci des and t hei r est er s

ar e ext r act ed wi t h ei t her di et hyl or met hyl t - but yl

et her f r om an aci di f i ed sl ur r y of bot t om mat er i al or

suspended sedi ment and wat er . The ext r act ed her bi -

ci des ar e hydr ol yzed t o t he f r ee aci ds, whi ch ar e

conver t ed t o t hei r met hyl est er s wi t h bor on t r i f l uo-

r i de- met hanol and pur i f i ed usi ng adsor pt i on chr o-

mat ogr aphy. The met hyl est er s ar e det er mi ned by

gas chr omat ogr aphy usi ng el ect r on- capt ur e det ec-

t or s .

3. I nt er f er ences

Hal ogenat ed or gani c aci ds, and t hei r sal t s and

est er s, may cause i nt er f er ence .

4. Appar at us

4 . 1 Boi l i ng chi ps, gr anul es, mi cr o, Hengar

H- 1366C, or equi val ent : Ri nse wi t h hexane, ai r dr y,

and heat at 300' Cover ni ght .

4 . 2 Cent r i f uge t ube, 10- mL, Pyr ex, gr adu-

at ed, wi t h gr ound- gl ass st opper .

4 . 3 Concent r at or , Kuder na- Dani sh ( K- D) ,

125- mL f l ask, 5 . 0- mL vol umet r i c r ecei ver , one- bal l

Snyder col umn, and modi f i ed mi cr o- Snyder col umn,

Kont es 569251 or equi val ent .

4 . 4

	

Fl or i si l col umn: To a 130 mmx 10 mmi d

( i nsi de di amet er ) gl ass t ube havi ng a coar se- por osi t y

f r i t t ed di sc, add 3 cm f l or i si l and 1 cm anhydr ous

sodi um sul f at e .

4 . 5 Gas chr omat ogr aph, Tr acor model 550,
or equi val ent .

4 . 5 . 1

	

The f ol l owi ng condi t i ons ar e r ecom-

mended :

Col umns, bor osi l i cat e gl ass, 1 . 8 mx 2 mm
i d oper at ed at 180° C: Col umn packi ng mat er i al s ar e
( 1) 3 per cent SP 2100 on 100/ 120 mesh Supel co

por t ; and ( 2) 3 per cent SP 2250 on 100/ 120 mesh

Supel copor t , or equi val ent .

Det ect or , dual el ect r on capt ur e oper at ed at
350° C.

I nj ect i on por t t emper at ur e, 200 ° C.

Car r i er gas, ni t r ogen, f l ow r at e 20
mL/ mi n.

4 . 6

	

Gl ass f i l t er s, 142 mm, 0 . 3 gmmean por e
si ze, Gel man, or equi val ent : Pr epar e t he f i l t er s by
r i nsi ng wi t h acet one and hexane, evapor at i ng t he

sol vent , and heat i ng over ni ght at 300' C.
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4 . 7

	

Gl ass wool , f i ne, r i nsed wi t h hexane, ai r

dr i ed, and heat ed at 300 ° Cover ni ght .

4 . 8

	

Oven, Pr eci si on model 18EGE, or , equi va-

l ent , capabl e of mai nt ai ni ng 130° C.

4 . 9

	

Sandbat h, Tecam, or equi val ent .
4 . 10

	

Shaker , wr i st - act i on, Bur r el l , or equi va-
l ent .

5. Reagent s

5 . 1

	

Bor on t r i f uor i de- met hanol est er i f i cat i on
r eagent , 14 per cent BF3 ( wei ght / vol ume ; w/ v) i n
met hanol , Appl i ed Sci ence Labs, or equi val ent .

5 . 2 Fl or i si l adsor bent , commer ci al l y act i vat -

ed at 650 ° C, washed wi t h hexane, al l owed t o ai r

dr y, and st or ed at 130° C i n a gl ass- st opper ed f l ask:

Pr i or t o use, t he f l or i si l i s deact i vat ed by addi ng 10

per cent wat er by wei ght and shaki ng f or at l east 2 h

on a wr i st - act i on shaker . The f l or i si l i s t hen t est ed

f or act i vi t y by at t empt i ng t o el ut e t he her bi ci des of

i nt er est wi t h benzene f r oma t est col umn . I f t he t est

compounds do not el ut e wi t hi n 10 . 0 mL, f ur t her

deact i vat i on i s r equi r ed.

5 . 3 Hydr ochl or i c aci d, concent r at ed ( sp. gr .

1 . 19) , anal yt i cal r eagent , A. C. S. gr ade .

5 . 4

	

Post assi um hydr oxi de sol ut i on, 37' , per -

cent ( w/ v) : Di ssol ve 78 g KOH r eagent - gr ade pel l et s

i n 200 mL dei oni zed wat er . Ref l ux f or 8 h .

5 . 5

	

Sodi umsul f at e, aci di f i ed: Pr epar e a' sl ur -

r y of sodi um sul f at e wi t h enough di et hyl et her t o

cover t he cr yst al s and aci di f y t o pH 2 or l ess by

addi ng a f ew mL of concent r at ed sul f ur i c aci d . De-

t er mi ne t he pH by t r ansf er r i ng a smal l por t i on of t he

sl ur r y t o a beaker , r emovi ng t he et her by evapor a-

t i on, addi ng a f ew dr ops of dei oni zed wat er t o t he

cr yst al s, and measur i ng t he pH wi t h pH paper . Al -

l ow t o ai r dr y over ni ght . St or e i n a cover ed Pyr ex

beaker or f l ask at 130° C.

5 . 6 Sodi um sul f at e, gr anul ar , anhydr ous :

Heat over ni ght at 300° C and st or e, cover ed at

130° C.

5 . 7

	

Sodi umsul f at e sol ut i on, 5 per cent ( w/ v) :

Di ssol ve 50 g neut r al sodi um sul f at e i n dei oni zed

wat er and di l ut e t o 1 L .

5 . 8 Sol vent s, acet one, benzene, unpr eser ved

di et hyl et her or met hyl t - but yl et her , and i so- oct ane:

Di et hyl et her pr eser ved wi t h et hanol cannot be used

i n t hi s pr ocedur e because i t r esul t s i n t he f or mat i on

of ext r aneous et hyl est er s .

5 . 9 St andar ds, met hyl est er s of chl or ophe-

noxy aci d her bi ci des, EPA anal yt i cal r ef er ence

gr ade, or equi val ent : Pr epar e a st ock sol ut i on by

TECHNI QUES OF WATER- RESOURCES I NVESTI GATI ONS

wei ghi ng about 10 mg of compound t o at l east t hr ee

si gni f i cant f i gur es and t r ansf er t o a 25 mL vol umet -
r i c f l ask . Di l ut e t o vol ume wi t h benzene and mi x

t hor oughl y . Pr epar e a ser i es of mi xed- compound

st andar ds by vol umet r i c di l ut i on wi t h i so- oct ane as

descr i bed i n t abl e 8 .

Tabl e 8. Concent r at i on of her bi ci des i n mi xed st andar d so-

l ut i ons used f or gas chr omat ogr aph cal i br at i on of bot t om

mat er i al

[ Pi cogr ams per mi cr ol i t er ]

5 . 10 Sul f ur i c aci d, concent r at ed ( sp . gr .

1 . 84) , Mal l i nckr odt anal yt i cal r eagent , A. C . S. gr ade,

or equi val ent .

5 . 11

	

Sul f ur i c aci d, ( 1 + 3) : Pr epar e by add-

i ng one par t concent r at ed sul f ur i c aci d t o t hr ee par t s

dei oni zed wat er . St or e i n a r ef r i ger at or at 4' C.

5 . 12

	

Wat er , dei oni zed, or gani c- f r ee .

6. Pr ocedur e

Al l gl asswar e must be washed i n war mdet er gent

sol ut i on, r i nsed wi t h or gani c- f r ee wat er , and heat ed

at 300 ° C over ni ght . Pr i or t o use, al l gl asswar e i s

r i nsed wi t h t he sol vent i t wi l l cont act . St opcock

gr ease shoul d not be used on gr ound- gl ass j oi nt s .

For bot t om- mat er i al sampl es, begi n at st ep 6 . 1 .

For wat er - suspended- sedi ment mi xt ur es, f i r st de-

t er mi ne t he wei ght of t he wat er , t hen f i l t er t he sam-

pl e usi ng a gl ass f i ber f i l t er t o i sol at e t he suspended

sedi ment . Use t he f i l t er and t he r et ai ned sedi ment t o

begi n t he pr ocedur e at st ep 6 . 2 .

6 ; 1

	

Moi st ur e det er mi nat i on:

6 . 1 . 1

	

Decant excess wat er f r omt he bot t om

mat er i al . Use a spat ul a t o t hor oughl y mi x t he moi st

sol i d . Wei gh 10 g of sol i d i nt o a t ar ed wei ghi ng di sh .

Recor d t he wei ght t o t hr ee si gni f i cant f i gur es .

6 . 1 . 2 Pl ace t he t ar ed di sh cont ai ni ng t he

sampl e i n an oven at 130' C over ni ght . Remove f r om

oven, al l ow t o cool , wei gh, and r ecor d t he wei ght t o

t hr ee si gni f i cant f i gur es .

6 . 2

	

Add ei t her t he f i l t er f r om t he suspended-

sedi ment f i l t r at i on or t he cal cul at ed amount of bot -

t om mat er i al ( not mor e t han 100 g) t o a 500- mL

Er l enmeyer f l ask wi t h a gr ound- gl ass st opper . St i r

t he sampl e and sl owl y add dei oni zed wat er unt i l t he

Her bi ci de
Hi gh st andar d

concent r at i on

Lowst andar d
concent r at i on

2, 4- DP- - - - - - - - - - - - - - - - - 100 50

2, 4- D- - - - - - - - - - - - - - - - - - 100 50

2, 4, 5- T - - - - - - - - - - - - - - - 40 20

Si l vex- - - - - - - - - - - - - - - - - - 40 20
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mi xt ur e has t he consi st ency of past e or unt i l wat er

begi ns t o separ at e f r omt he sol i d . Aci di f y t he sl ur r y

t o pH 2 or bel owby t he dr opwi se addi t i on of concen-

t r at ed hydr ochl or i c aci d. Use pH paper t o det er mi ne

t he pH. Per i odi cal l y check t he pH, addi ng mor e aci d,

i f necessar y, t o mai nt ai n t he pH at 2 or bel ow.

6 . 3 Measur e 20 mL acet one i nt o t he

Er l enmeyer f l ask cont ai ni ng t he aci di f i ed sampl e

and st opper secur el y . Mi x t he cont ent s of t he f l ask

f or 20 mi n usi ng t he wr i st - act i on shaker . Add 80 mL

et her and shake agai n f or 10 mi n . Decant t he ex-

t r act i nt o a 1- L separ at or y f unnel cont ai ni ng 400

mL of 5 per cent sodi um sul f at e sol ut i on. Add 20 mL

acet one t o t he Er l enmeyer f l ask and shake 20 mi n .

Agai n, add 80 mL et her , shake 10 mi n, and decant

t he acet one- et her ext r act i nt o t he same separ at or y

f unnel . Repeat t he pr ocess as i n t he second ext r ac-

t i on one mor e t i me, and col l ect t he acet one- et her

ext r act i n t he separ at or y f unnel cont ai ni ng t he sodi -

umsul f at e sol ut i on .

6 . 4

	

Gent l y mi x t he cont ent s of t he separ at or y

f unnel f or about 1 mi n. Al l owt he l ayer s t o separ at e .

Di scar d t he aqueous l ayer and col l ect t he ext r act i n

a 500- mL Er l enmeyer f l ask .

6 . 5

	

Add 2 mL of 37 per cent KOH and 30 mL

di st i l l ed wat er t o t he ext r act i n t he 500- mL

Er l enmeyer f l ask. Add a boi l i ng chi p and f i t t he

f l ask wi t h a one- bal l Snyder col umn . Evapor at e t he

et her on a wat er bat h at 80° C i n a hood, and cont i n-

ue t he heat i ng f or a t ot al of 90 mi n.

6 . 6 Remove t he assembl y f r om t he wat er

bat h and al l ow i t t o cool . Remove t he Snyder col -

umn. Quant i t at i vel y t r ansf er t he wat er t o a 125- mL

separ at or y f unnel . Ext r act t he basi c sol ut i on once

wi t h 40 mL et her and di scar d t he et her l ayer ; r epeat

t wi ce wi t h 20 mL et her and di scar d t he et her l ayer s.

The her bi ci des r emai n i n t he aqueous phase as t hei r

pot assi um sal t s . Add 5 mL ( 1 + 3) sul f ur i c aci d t o

t he cont ent s of t he f unnel t o l ower t he pH t o 2 or
bel ow ( measur e wi t h pH paper ) , and ext r act t he

aqueous phase wi t h 40 mL et her ; r epeat t wi ce wi t h

20 mL et her . Col l ect t he et her ext r act s i n a 125- mL
Er l enmeyer f l ask cont ai ni ng about 0 . 5 g aci di f i ed

anhydr ous sodi um sul f at e . St opper t he f l ask and set

asi de f or at l east 2 h or st or e i n a r ef r i ger at or unt i l

anal ysi s can cont i nue .

6 . 7

	

Quant i t at i vel y t r ansf er t he et her ext r act
i nt o t he K- D appar at us f i t t ed wi t h a 5- mL vol umet -

r i c r ecei ver . Add 1 . 0 mL benzene and a boi l i ng chi p.

Concent r at e t he ext r act t o about 0 . 5 mL on a f l ui d-

i zed sandbat h heat ed t o 60 ° - 70° C. Under no ci r -

cumst ances al l ow t he ext r act t o evapor at e compl et e-

l y t o dr yness . Cl ear sand f r omt he gl ass j oi nt bef or e

openi ng. Ri nse t he bot t om j oi nt wi t h benzene i nt o

t he r ecei ver .

6 . 8

	

Af t er t he benzene sol ut i on i n t he r ecei ver

has cool ed, add 0 . 5 mL bor on t r i f l uor i de- met hanol

r eagent . The modi f i ed Snyder col umn i s used as an

ai r - cool ed condenser , and t he cont ent s of t he r ecei v-

er ar e hel d at 50' C f or 30 mi n i n a sandbat h . Cool

t he r eact i on mi xt ur e t o r oom t emper at ur e and add

sodi um sul f at e sol ut i on unt i l t he benzene- aqueous

sol ut i on i nt er f ace i s obser ved i n t he r est r i ct ed neck

of t he r ecei ver . St opper t he r ecei ver , shake vi gor ous-

l y f or 1 mi n, and al l ow t o st and f or at l east 1 h f or

phase separ at i on. Loosen t he st opper af t er shaki ng.

6 . 9

	

Tr ansf er t he benzene l ayer f r om t he r e-

cei ver t o a f l or i si l col umn . El ut e wi t h benzene and

col l ect 10 . 0 mL i n a gr aduat ed r ecei ver . Anal yze t he

el uat e by gas chr omat ogr aphy .

6 . 10 Pr epar e gas chr omat ogr aph cal i br at i on

cur ves dai l y wi t h t he mi xed st andar ds shown i n t a-

bl e 8 . Oper at i ng condi t i ons must be i dent i cal t o

t hose used f or sampl e anal ysi s . Cal i br at e bot h ana-

l yt i cal col umns . Recor d t he vol ume of t he st andar d

i nj ect ed and t he r et ent i on t i me and i nt egr at ed peak

ar ea of each component i n t he st andar d .

6 . 11

	

I nj ect an al i quot of sampl e ext r act i nt o

t he gas chr omat ogr aph . Recor d t he vol ume i nj ect ed .

I dent i f y peaks by r et ent i on t i me . The i dent i f i cat i on

must be made on bot h anal yt i cal col umns . Recor d

t he r et ent i on t i me and i nt egr at ed ar ea of any i dent i -

f i ed peak. Di l ut e any ext r act cont ai ni ng an i dent i f i -

abl e component above t he hi ghest st andar d .

7. Cal cul at i ons

7 . 1 Cal cul at e t he wei ght r equi r ed f or a dr y

wei ght equi val ent of 50 g:

Wet wei ght =
W1

x 50 g,
W2

wher e

wet wei ght = amount of sampl e t o be t aken f or

ext r act i on, i n g,

W, = wet wei ght of sampl e, i n g, and

W2 = dr y wei ght of sampl e, i n g .

7 . 2 Cal cul at e t he r esponse f act or of each
i dent i f i ed component i n t he cal i br at i on st andar d :

A,
RF =

CS X V,
,
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wher e

RF= r esponse f act or of i dent i f i ed component i n

cal i br at i on st andar d, i n ar ea/ pg,

C$ = concent r at i on of st andar d, i n pg/ gL,

Vi = vol ume of st andar d i nj ect ed, i n gL, and

A1 = i nt egr at ed peak ar ea of i dent i f i ed compo

nent i n cal i br at i on st andar d .

7 . 3

	

Cal cul at e t he concent r at i on of each i dent i -

f i ed component i n t he or i gi nal bot t om- mat er i al sam-

pl e f r omt he equat i on

Concent r at i on ( gg/ kg) =

	

Azx Vz

V3xWxRF

wher e

RF= r esponse f act or of i dent i f i ed cal i br at i on

st andar d component , i n ar ea/ pg,

Az = i nt egr at ed peak ar ea of i dent i f i ed sampl e

component ,

Vz = f i nal vol ume of sampl e ext r act , i n mL,

V3 = vol ume of sampl e ext r act i nj ect ed, i n gL,

and

W= dr y wei ght equi val ent of sampl e, i n g .

7 . 4

	

Cal cul at e t he concent r at i on of each i dent i -

f i ed component i n t he or i gi nal suspended sedi ment

f r omt he f ol l owi ng equat i on :

Concent r at i on ( gg/ L) =

wher e

RF= r esponse f act or of i dent i f i ed cal i br at i on

st andar d component , i n ar ea/ pg,

Az = i nt egr at ed peak ar ea of i dent i f i ed sampl e

component ,

Vz = f i nal vol ume of sampl e ext r act , i n mL,

V3 = vol ume of sampl e ext r act i nj ect ed, i n gL,

and

V4 =wei ght of sampl e i n g, expr essed i n mL

( 1 . 000 mL = 1 . 000 g) .

7 . 5 Cal cul at e t he f r ee phenoxy aci d concen-

t r at i ons usi ng t he f ol l owi ng equat i on :

Concent r at i on of aci d ( wg/ L or gg/ kg) = Cxf ,

wher e

C= concent r at i on of met hyl est er det er mi ned i n

cal cul at i on 7 . 3 or 7 . 4, and

_

	

mol ecul ar wei ght of aci d

f

	

mol ecul ar wei ght of met hyl est er

8. Repor t

8. 1

	

Repor t chl or ophenoxy aci d her bi ci de con-

cent r at i ons i n bot t om mat er i al s as f ol l ows : l ess t han
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Azx Vz

V3 xV4 xRF

0 . 10 gg/ kg, as " l ess t han 0 . 10 gg/ kg" ; 0. 10 pg/ kg

and above, t wo si gni f i cant f i gur es .

8 . 2

	

Repor t chl or ophenoxy aci d her bi ci de con-

cent r at i ons i n suspended mat er i al s as f ol l ows : l ess

t han 0 . 01 gg/ L, as " l ess t han 0 . 01 gg/ L" ; 0 . 01 t o

0 . 10 gg/ L, t wo deci mal s ; 0 . 10 gg/ L and above, t wo

si gni f i cant f i gur es .

9. Pr eci si on

I t i s est i mat ed t hat t he per cent r el at i ve st andar d

devi at i on f or r ecover abl e chl or ophenoxy aci ds f r om

bot t om mat er i al and suspended sedi ment wi l l be

gr eat er t han t hat r epor t ed f or di ssol ved chl or ophe-

noxy aci ds ( met hod 0- 1105) .

1 . Appl i cat i on

Sel ect ed r ef er ences

Amer i can Publ i c Heal t h Associ at i on, 1981, St andar d met hods f or

t he exami nat i on of wat er and wast ewat er ( 15t h ed . ) : Wash-

i ngt on, Amer i can Publ i c Heal t h Associ at i on, I nc . , 1, 134 p.

Amer i can Soci et y f or Test i ng and Mat er i al s, 1983, Annual Book

of ASTMSt andar ds, Sect . 11, v . 11 . 01 : Phi l adel phi a, Amer i -

can Soci et y f or Test i ng and Mat er i al s, 752 p.

Goer l i t z, D. F. , and Br own, Eugene, 1972, Met hods f or anal ysi s of

or gani c subst ances i n wat er : U. S. Geol ogi cal Sur vey Tech-

ni ques of Wat er - Resour ces I nvest i gat i ons, Book 5, Chapt er

A3, 40 p.

Goer l i t z, D. F. , and Lamar , W. L . , 1967, Det er mi nat i on of phenoxy

aci d her bi ci des i n wat er by el ect r on- capt ur e and

mi cr ocoul omet r i c gas chr omat ogr aphy : U. S . Geol ogi cal Sur -

vey Wat er - Suppl y Paper 1817- C, 21 p .

Tr i azi nes, t ot al r ecover abl e, gas

chr omat ogr aphi c ( 0- 3106- 83)

Par amet er

	

Code

Amet r yn- - - - - - - - - - - - - - - - - - - - - - - - - - - - 82184

At r azi ne- - - - - - - - - - - - - - - - - - - - - - - - - - - - 39630

Cyanazi ne - - - - - - - - - - - - - - - - - - - - - - - - - - 81757

Pr omet on - - - - - - - - - - - - - - - - - - - - - - - - - - - 39056

Pr omet r yn - - - - - - - - - - - - - - - - - - - - - - - - - - 39057

Pr opazi ne- - - - - - - - - - - - - - - - - - - - - - - - - - - 39024

Si mazi ne - - - - - - - - - - - - - - - - - - - - - - - - - - - 39055

Si met r yn - - - - - - - - - - - - - - - - - - - - - - - - - - - 39054

Al achl or - - - - - - - - - - - - - - - - - - - - - - - - - - - - None assi gned .

Tr i f l ur al i n- - - - - - - - - - - - - - - - - - - - - - - - - - - None assi gned .

Thi s met hod i s sui t abl e f or t he det er mi nat i on of

t r i azi ne her bi ci des, al achl or , and t r i f l ur al i n i n wat er

and wat er - suspended- sedi ment mi xt ur es cont ai ni ng

at l east 0 . 1 pg/ L of each const i t uent .
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Summar y of met hod

4. Appar at us
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Tr i azi ne her bi ci des ar e ext r act ed f r omwat er wi t h

met hyl ene chl or i de f ol l owi ng adj ust ment t o pH 7 t o

9 . Opt i onal adsor pt i on chr omat ogr aphy on al umi na

i s used f or t he el i mi nat i on of most nonpest i ci de i n-

t er f er ences . I dent i f i cat i on i s made by sel ect i ve gas

chr omat ogr aphi c separ at i on t hr ough t he use of t wo

or mor e di ssi mi l ar col umn packi ng mat er i al s usi ng a

ni t r ogen speci f i c det ect or .

3. I nt er f er ences

Sol vent s, r eagent s, gl asswar e, and ot her sampl e-

pr ocessi ng har dwar e may yi el d di scr et e ar t i f act s or

el evat ed basel i nes whi ch may cause mi si nt er pr et a-

t i on of gas chr omat ogr ams . Al l of t hese mat er i al s

must be demonst r at ed t o be f r ee of i nt er f er ences

under t he condi t i ons of t he anal ysi s . Speci f i c sel ec-

t i on of r eagent s and pur i f i cat i on of sol vent s i n an

al l - gl ass syst em i s r equi r ed . Gl asswar e shoul d be

cl eaned by washi ng wi t h hot det er gent sol ut i on,

r i nsi ng wi t h or gani c- f r ee wat er , and heat i ng over -

ni ght at 300' C.

4 . 1 Al umi na col umn : To a 15- cm- l ong di s-

posabl e Past eur pi pet , add a gl ass- wool pl ug, anhy-

dr ous sodi um sul f at e t o a dept h of 10 em, 3 cm

al umi na, and 0 . 5 em anhydr ous sodi um sul f at e . Tap

t he col umn gent l y t o pr omot e set t l i ng t o a uni f or m

bed .

4 . 2 Boi l i ng chi ps, gr anul ar , mi cr o, Hengar

H- 1366C, or equi val ent : Ri nse wi t h hexane, ai r dr y,

and heat at 300' C over ni ght .

4 . 3 Concent r at or appar at us, Kuder na- Dan-

i sh ( K- D) , wi t h a 500- mL f l ask, a 10 . 0- mL r ecei ver ,

and a t hr ee- bal l Snyder col umn .

4 . 4

	

Evapor at i ve concent r at or , Or ganomat i on

N- Evap, or equi val ent .

4 . 5 Gas chr omat ogr aph, Hewl et t - Packar d

model 5880A/ Tr acor model 560, or equi val ent : I n-

st r ument must i ncor por at e a gl ass- l i ned i nj ect i on

por t and a gl ass col umn,

4 . 5 . 1

	

The f ol l owi ng condi t i ons ar e r ecom-

mended :

Col umns, Bor osi l i cat e gl ass, 1 . 8 mx 2 mm

i d ( i nsi de di amet er ) r ender ed i ner t by t r eat ment wi t h

si l ani zi ng agent : Col umn packi ng mat er i al s ar e ( 1) 1

per cent OV- 101 on 100/ 120 mesh U1t r aBond 20 M

or equi val ent , oper at ed at an oven t emper at ur e of

175° C; and ( 2) 100/ 120 mesh Ul t r aBond PEGS, or

equi val ent , oper at ed at an oven t emper at ur e of

200° C.

Det ect or , al kal i f l ame i oni zat i on ( N/ P) , op-

er at ed at 300' C.

I nj ect i on por t t emper at ur e, 200' C.

Car r i er gas, hel i um, f l ow r at e 35 mL/ mi n.

Det ect or f l ows, hydr ogen at 3 . 2 mL/ mi n

and ai r at 100 mL/ mi n.

5 . Reagent s

5 . 1

	

Al umi na, Woel mW200, neut r al , act i vi t y

I : Pr epar e act i vi t y V ( 16 per cent deact i vat i on) by

mi xi ng 100 g act i vi t y I wi t h 19 mL wat er . Mi x on

wr i st - act i on shaker f or 2 h and l et st and over ni ght

i n a seal ed cont ai ner . Pr epar e f r esh weekl y .

5 . 2 Bor osi l i cat e gl ass wool , f i l t er i ng gr ade,

pr ewashed wi t h hexane and heat ed over ni ght at

300° C.

5 . 3 Pot assi um hydr oxi de, 37 per cent

( wei ght / vol ume ; w/ v) aqueous sol ut i on pr epar ed

f r omr eagent - gr ade KOH and r eagent wat er .

5 . 4 Sodi um sul f at e, gr anul ar , anhydr ous,

heat ed over ni ght at 300' C and st or ed at 130' C.

5 . 5 Sol vent s, benzene, et hyl et her , hexane,

and met hyl ene chl or i de, pest i ci de r esi due qual i t y,

di st i l l ed i n gl ass.

5 . 6 Sul f ur i c aci d, 25 per cent ( vol -

ume/ vol ume ; v/ v) pr epar ed f r om hi gh- pur i t y con-

cent r at ed H2SO4 ( sp . gr . 1 . 84) and r eagent wat er .

5 . 7

	

Tr i azi ne st andar ds, EPA anal yt i cal r ef -

er ence gr ade or hi ghest pur i t y avai l abl e : Di ssol ve 5

mg of st andar d i n benzene i n a 50- mL vol umet r i c

f l ask, di l ut e t o vol ume, and mi x . Di l ut e st ock st an-

dar d wi t h hexane t o wor ki ng concent r at i on shown i n

t abl e 9 .

6. Pr ocedur e

6 . 1

	

Ri nse al l gl asswar e wi t h met hyl ene chl o-

r i de bef or e usi ng. Do not use st opcock gr ease on

gr ound- gl ass j oi nt s .

6 . 2 Wei gh t he sampl e and capped bot t l e t o

t he near est 0 . 1 g and r ecor d t he wei ght .

Tabl e 9. Concent r at i on of t r i azi nes i n mi xed st andar d sol u-

t i ons used f or gas chr omat ogr aph cal i br at i on

[ Pi cogr ams per mi cr ol i t er ]

Mi xt ur e

number
Tr i azi nes

Low

st andar d

Medi um

st andar d

Hi gh

st andar d

1 - - - - - - - At r azi ne 500 1000 5000

Pr opazi ne 500 1000 5000

Si mazi ne 500 1000 5000

2 - - - - - - - Amet r yn 500 1000 5000

Pr omet on 500 1000 5000

Pr ome- 500 1000 5000

t r yn

Si met r yn 500 1000 5000
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6 . 3

	

Tr ansf er t he sampl e t o a 2, 000- mL sepa-
r at or y f unnel usi ng a st ai nl ess st eel powder f unnel .

6 . 4

	

Wei gh t he empt y sampl e bot t l e wi t h cap
t o t he near est 0. 1 g and cal cul at e t he sampl e wei ght .

6 . 5 Di ssol ve 5 g sodi um chl or i de i n sampl e
and adj ust t he pH t o 7 t o 9 usi ng t he pot assi um
hydr oxi de sol ut i on or sul f ur i c aci d sol ut i on as neces-
sar y .

6 . 6

	

Add 75 mL met hyl ene chl or i de t o sampl e
bot t l e, swi r l , and t r ansf er t o separ at or y f unnel . Al -
l owt o dr ai n, r i nsi ng t he wal l s of t he bot t l e.

6 . 7 I nser t t he gl ass st opper and shake t he
f unnel vi gor ousl y f or 1 mi n . Vent t he syst em sever al
t i mes dur i ng t hi s i ni t i al shakeout .

6 . 8

	

Let st and undi st ur bed whi l e l ayer s cl ar i f y,
and dr aw of f t he met hyl ene chl or i de i nt o a 250- mL
gl ass- st opper ed Er l enmeyer f l ask.

NOTE: Most wat er - suspended- sedi ment

mi xt ur es wi l l r equi r e speci al t r eat ment . I f emul si ons
occur , add suf f i ci ent vol ume of hexane ( 50- 75 mL)
t o f l oat t he ext r act . Shake t he separ at or y f unnel
agai n t o mi x t he sol vent s, and al l ow t he l ayer s t o
separ at e . Dr aw of f t he sampl e i nt o t he sampl e bot -
t l e . The r emai ni ng emul si on can be el i mi nat ed by

vi gor ous shaki ng ( CAUTI ON: Vent of t en) . Decant

t he ext r act i nt o a 250- mL gl ass- st opper ed
Er l enmeyer f l ask and r et ur n t he sampl e t o t he sepa-
r at or y f unnel . Pr oceed t o st ep 6 . 9 .

6 . 9

	

Repeat t he ext r act i on wi t h t wo addi t i onal

50- mL por t i ons of met hyl ene chl or i de, col l ect i ng t he

or gani c l ayer s i n t he f l ask .

6 . 10 Add 5 gm anhydr ous sodi um sul f at e,

st opper , and shake .

6 . 11

	

Quant i t at i vel y t r ansf er t he combi ned ex-
t r act s t o t he K- D appar at us, add appr oxi mat el y 3

mL hexane as a keeper , add a boi l i ng chi p, and

concent r at e t o 3- 5 mL i n a wat er bat h mai nt ai ned at

80° C.

6 . 12 Cont i nue evapor at i on t o appr oxi mat el y

0. 5 mL i n a war m wat er bat h under ni t r ogen or

hel i um st r eam usi ng t he N- Evap appar at us . Wash

t he wal l s of t he t ube wi t h 5 mL hexane. Concent r at e

t o 0 . 5 mL and wash t he wal l s agai n wi t h 5 mL

hexane . Concent r at e t o 0 . 5 mL.

6 . 13

	

Br i ng t he vol ume t o 1 mL wi t h hexane,

and pr oceed t o al umi na col umn cl eanup, i f necessa-

r y.

6. 13 . 1

	

Al umi na col umn cl eanup:

6 . 13 . 1 . 1

	

Quant i t at i vel y t r ansf er t he ex-

t r act t o t he col umn usi ng hexane. El ut e t he col umn

wi t h hexane unt i l 6 mL has been el ut ed, and di scar d.

TECHNI QUES OF WATER - RESOURCES I NVESTI GATI ONS

6 . 13 . 1 . 2

	

When t he l ast of t he hexane has
j ust ent er ed t he sodi um sul f at e, el ut e t he col umn
wi t h hexane- et hyl et her ( 2 : 1) unt i l a 4- mL f r act i on
has been col l ect ed .

6 . 13 . 1 . 3 Reduce t he vol ume t o 1 . 0 mL
under a ni t r ogen or hel i um st r eam and pr oceed t o
gas chr omat ogr aphi c anal ysi s.

6 . 14 Fr equent l y use st andar d t r i azi ne mi x-
t ur es t o demonst r at e t he ef f ect i veness of t he al umi -
na i n char act er i zi ng t he el uat e composi t i on and pr o-
vi di ng quant i t at i ve r ecover y .

6 . 15 Pr epar e gas chr omat ogr aph cal i br at i on
cur ves dai l y wi t h t he mi xed st andar ds i n t abl e 9 .
Oper at i ng condi t i ons must be i dent i cal t o t hose used
f or sampl e anal ysi s . Cal i br at e bot h anal yt i cal col -
umns. Recor d t he vol ume of t he st andar d i nj ect ed
and t he r et ent i on t i me and peak ar ea of each compo-

nent i n t he st andar d .

6 . 16 Chr omat ogr aph and i dent i f y t he t r i -
azi nes by compar i ng r et ent i on t i me wi t h st andar ds
( 3- per cent wi ndow f or i dent i f i cat i on) usi ng at l east

t wo of t he di ssi mi l ar col umn packi ngs descr i bed .

7 . Cal cul at i ons

7 . 1 Cal cul at e t he r esponse f act or of each
i dent i f i ed component i n t he cal i br at i on st andar d :

RF =

	

A,

C3x V,

wher e

RF= r esponse f act or of i dent i f i ed component i n

cal i br at i on st andar d, i n ar ea/ pg,

C3 = concent r at i on of st andar d, i n pg/ gL,

V, = vol ume of st andar d i nj ect ed, i n gL, and

A, = i nt egr at ed peak ar ea of i dent i f i ed compo-

nent i n cal i br at i on st andar d .

7 . 2

	

Cal cul at e t he concent r at i on of each i dent i -
f i ed component i n t he or i gi nal wat er sampl e f r om

t he equat i on

A2 XV2

Concent r at i on ( pg/ L) =
V3 xWxRF

wher e

RF= r esponse f act or of i dent i f i ed cal i br at i on

st andar d component , i n ar ea/ pg,

A2 = i nt egr at ed peak ar ea of i dent i f i ed sampl e

component ,

V2 = f i nal vol ume of sampl e ext r act , i n mL,

V3 = vol ume of sampl e ext r act i nj ect ed, i n gL,

and



W= wei ght of sampl e i n g, expr essed i n mL

( 1 . 000 mL = 1 . 000 g)

8. Repor t

DETERMI NATI ON OF ORGANI C SUBSTANCES I NWATERANDFLUVI AL SEDI MENTS

Repor t concent r at i ons of t ot al r ecover abl e t r i -

azi nes, al achl or , and t r i f l ur al i n as f ol l ows : l ess t han

0 . 1 gg/ L, as " l ess t han 0 . 1 gg/ L" ; 0 . 1 t o 1 . 0 Fi g/ L,

one deci mal ; 1 . 0 l ug/ L and above, t wo si gni f i cant

f i gur es .

9. Pr eci si on

9 . 1

	

Recover y and pr eci si on ( seven r epl i cat es)

f or t ot al r ecover abl e t r i azi nes i n t apwat er ar e as

f ol l ows :

9 . 2

	

Recover y and pr eci si on ( 10 r epl i cat es) f or

t ot al r ecover abl e t r i azi nes f r om a nat ur al sur f ace

wat er ar e as f ol l ows :

Compound

Amet r yn - - - - - - - - - -

Si met r yn- - - - - - - - - -

Car bamat e pest i ci des, t ot al r ecover abl e,

hi gh- per f or mance l i qui d chr omat ogr aphi c

( 0- 3107- 83)

Par amet er

	

Code

Al di car b - - - - - - - - - - - - - - - - - - - - - - - - - - - - None assi gned.

Car bar yl - - - - - - - - - - - - - - - - - - - - - - - - - - - - 39750

Car bof ur an- - - - - - - - - - - - - - - - - - - - - - - - - - None assi gned.

3- Hydr oxycar bof ur an- - - - - - - - - - - - - - - - - - None assi gned.

Met homyl - - - - - - - - - - - - - - - - - - - - - - - - - - - 39051

1- Napht hol - - - - - - - - - - - - - - - - - - - - - - - - - - None assi gned .

Pr opham- - - - - - - - - - - - - - - - - - - - - - - - - - - - 39052

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on of

car bamat e pest i ci des i n wat er or wat er - suspended-

sedi ment sampl es cont ai ni ng at l east 2 Fi g/ L of t he

anal yt e .

2.

	

Summar y of met hod

3. I nt er f er ences
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The car bamat es ar e ext r act ed f r om wat er or

wat er - suspended- sedi ment mi xt ur es wi t h met hy-

l ene chl or i de . The ext r act i s concent r at ed and ana-

l yzed by hi gh- per f or mance l i qui d chr omat ogr aphy

( HPLC) usi ng a C1 8 r ever se phase col umn and a

dual - channel var i abl e- wavel engt h ul t r avi ol et det ec-

t or .

Compounds t hat exhi bi t chemi cal and physi cal

pr oper t i es si mi l ar t o t he compounds of i nt er est can

i nt er f er e .

4. Appar at us

4 . 1 Concent r at or , Kuder na- Dani sh ( K- D) ,

500- mL capaci t y wi t h a t hr ee- bal l Snyder col umn

and a 10- mL gr aduat ed r ecei ver t ube .

4 . 2

	

Evapor at i ve concent r at or , Or ganomat i on

N- Evap, or equi val ent .

Amount

Mean
per cent St andar d

Rel at i ve st andar d

devi at i on

Compound spi ked ( Fi g) r ecover y devi at i on ( per cent )

Pr omet on - - - - - - - - - 0 . 5 85 . 5 10 . 9 12 . 8

1 . 0 94 . 4 6 . 60 6 . 99

5 . 0 87 . 0 5 . 92 6 . 81

Pr opazi ne - - - - - - - - - . 5 82 . 3 11 . 6 14 . 1

1 . 0 97 . 0 4 . 90 5 . 05

5 . 0 91 . 7 5 . 74 6. 26

At r azi ne - - - - - - - - - - . 5 85 . 1 11 . 8 13. 9

1 . 0 97 . 3 4. 35 4 . 47

5 . 0 87 . 1 5. 26 6 . 04

Pr omet r yn - - - - - - - - . 5 87 . 3 9 . 98 11 . 4

1 . 0 98 . 3 3 . 97 4 . 04

5 . 0 81 . 5 4 . 50 5 . 53

Si mazi ne- - - - - - - - - - . 5 81 . 0 12 . 0 14 . 8

1 . 0 96 . 6 8 . 68 8 . 99

5 . 0 61 . 8 9 . 41 15 . 2

Amet r yn - - - - - - - - - - . 5 89 . 6 10 . 5 11 . 7

1 . 0 97 . 2 4 . 52 4 . 65

5 . 0 91 . 4 5 . 70 6 . 24

Si met r yn- - - - - - - - - - . 5 87 . 7 1 . 01 11 . 5

1 . 0 92 . 2 6 . 42 6 . 97

5 . 0 88 . 3 7 . 38 8 . 36

Amount

spi ked ( Fi g)

Mean

per cent

r ecover y

St andar d

devi at i on

Rel at i ve st andar d

devi at i on
( per cent )

. 5 101 . 1 8. 82 8 . 73

1 . 0 101 . 5 3 . 83 3 . 77

5 . 0 87 . 8 4 . 03 4 . 58

. 5 98 . 7 7 . 17 7 . 27

1 . 0 94 . 7 2 . 08 2 . 19

5 . 0 86 . 4 4 . 23 4 . 90

Compound

Amount

spi ked ( Fi g)

Mean

per cent

r ecover y

St andar d

devi at i on

Rel at i ve st andar d

devi at i on

( per cent )

Pr omet on - - - - - - - - - 0. 5 95. 1 5 . 83 6. 13

1 . 0 96 . 9 2 . 08 2 . 15

5 . 0 84 . 6 4 . 58 5 . 41

Pr opazi ne - - - - - - - - - . 5 96 . 2 5 . 46 5 . 68

1 . 0 100 . 9 2 . 06 2 . 05

5 . 0 87 . 6 4 . 62 5 . 28

At r azi ne - - - - - - - - - - . 5 96 . 0 7 . 34 7 . 65

1 . 0 98 . 1 2 . 11 2 . 15

5 . 0 85 . 5 5 . 14 6 . 01

Pr omet r yn - - - - - - - - . 5 98 . 0 5 . 09 5 . 20

1 . 0 77 . 9 1 . 67 2 . 15

5 . 0 83 . 5 3 . 82 4 . 57

Si mazi ne- - - - - - - - - - . 5 96. 9 4 . 90 5 . 05

1 . 0 98. 8 4 . 91 4. 97

5 . 0 82. 8 7 . 69 9 . 29
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4. 3 Fi l t er s, 0 . 5 gmmi l l i por e FHUP, cat al og

no . 04700, or equi val ent , and 0 . 45 gm mi l l i por e

HAWP, cat al og no . 04700, or equi val ent .

4 . 4 Li qui d chr omat ogr aph, Wat er s Associ -

at es ALC/ GPC 204 l i qui d chr omat ogr aph equi pped

wi t h a dual - channel var i abl e- wavel engt h det ect or , a

model 6000A sol vent - del i ver y syst em, a model 660

sol vent f l ow pr ogr ammer , a model WI SP 710A

mi cr opr ocessor , and a dat a modul e, or equi val ent .

4 . 4 . 1

	

The f ol l owi ng condi t i ons ar e r ecom-

mended:

Col umns, Wat er s Associ at es Radi al Com-

pr essi on Modul e wi t h a' , Radi al PAK r ever se- phase

car t r i dge ( oct adecyl si l ane per manent l y bonded t o

unmodi f i ed si l i ca) , 10 gmpar t i cl e si ze, or equi val ent .

Wavel engt hs, 254 and 280 nm.

Sol vent , 45 per cent wat er and 55 per cent

met hanol at a f l ow r at e of 1 . 0 mL/ mi n i socr at i c .

4, 5

	

Sol vent cl ar i f i cat i on ki t , Wat er s Associ -

at es 85113, or equi val ent .

5. Reagent s

5 . 1 Car bamat e and met abol i t e st andar ds,

EPA anal yt i cal r ef er ence gr ade or hi ghest pur i t y

avai l abl e : Pr epar e by di ssol vi ng 5 mg of st andar d i n

acet oni t r i l e i n a 50- mL vol umet r i c f l ask, di l ut e t o

vol ume, and mi x . Di l ut e t hi s st ock sol ut i on wi t h ace-

t one t o t he wor ki ng concent r at i ons l i st ed i n t abl e 10 .

Tabl e 10 . Concent r at i on of car bamat es i n mi xed st andar d

sol ut i ons used f or l i qui d chr omat ogr aph cal i br at i on

[ Nanogr ams per mi cr ol i t er ]

5 . 2

	

Phosphat e buf f er , pH 7 . 5 : Mi x 50 mL of

0 . 1 MKH2 PO4 wi t h 41 mL of 0 . 1 MNaOH and di -

l ut e t o 100 mL wi t h dei oni zed wat er .

5 . 3

	

Pot assi um di hydr ogen phosphat e, 0 . 1 M-

Di ssol ve 13 . 6 g KH2PO4 i n dei oni zed wat er and di -

l ut e t o 1 L .

5 . 4

	

Sodi um hydr oxi de, 0. 1 MDi ssol ve 4 g

NaOH pel l et s i n dei oni zed wat er and di l ut e t o 1 L .

5 . 5 Sodi um sul f at e, gr anul ar , anhydr ous :

Heat over ni ght at 300° C and st or e at 130° C.

5. 6 Sol vent s, HPLC qual i t y, acet oni t r i l e,

met hanol , t et r ahydr of ur an, and pest i ci de gr ade

met hyl ene chl or i de .

5. 7

	

Wat er , or gani c- f r ee .

TECHNI QUESOF WATER - RESOURCES I NVESTI GATI ONS

6. Pr ocedur e

Gl asswar e shoul d be cl eaned by washi ng wi t h hot

det er gent sol ut i on, r i nsi ng wi t h dei oni zed wat er , and

heat i ng over ni ght at 300° C. Just pr i or t o use t he

gl asswar e i s r i nsed wi t h met hyl ene chl or i de. St op-

cock gr ease shoul d not be used on t he gr ound- gl ass

j oi nt s .

6 . 1

	

Wei gh t he sampl e bot t l e pl us t he sampl e

and r ecor d t he wei ght . Pour t he sampl e i nt o a 1, 000

mL- separ at or y f unnel , add 10 mL phosphat e buf f er ,

and shake unt i l wel l mi xed. Wei gh t he empt y sampl e

bot t l e . Cal cul at e t he net sampl e wei ght and r ecor d

t he val ue obt ai ned t o t hr ee si gni f i cant f i gur es .

6 . 2 Add 75 mL met hyl ene chl or i de t o t he

sampl e bot t l e, swi r l t o r i nse t he si des of t he bot t l e,

and t r ansf er t he sol vent t o t he separ at or y f unnel .

The Tef l on- l i ned cap i s not r i nsed because of t he

pot ent i al f or cont ami nat i on f r om sol vent t hat has

cont act ed t he t hr eads and sur f ace beneat h t he

Tef l on l i ner . Shake t he separ at or y f unnel vi gor ousl y

f or 1 mi n. Vent of t en . Al l ow t he l ayer t o separ at e

and dr aw of f t he met hyl ene chl or i de l ayer i nt o a

250- mL Er l enmeyer f l ask t hat cont ai ns 1 g anhy-

dr ous sodi um sul f at e.

6 . 3

	

Repeat t he ext r act i on of t he wat er sampl e

t wo mor e t i mes, usi ng 50 mL met hyl ene chl or i de

each t i me . Combi ne al l t he or gani c ext r act s i n t he

250- mL Er l enmeyer f l ask cont ai ni ng t he f i r st ex-

t r act .

6 . 4 Tr ansf er t he ext r act t o a 500- mL K- D

appar at us f i t t ed wi t h a t hr ee- bal l Snyder col umn

and a 10- mL r ecei ver cont ai ni ng a mi cr o boi l i ng chi p

and 4 mL acet oni t r i l e .

6. 5

	

Pl ace t he appar at us on a hot - wat er bat h

( 75- 85° C) unt i l t he vol ume i s r educed t o about 4

mL. Remove f r om t he heat and al l ow t o cool . Wi pe

t he j oi nt s wi t h a t owel . Ri nse t he bot t om j oi nt wi t h

acet oni t r i l e i nt o t he r ecei ver .

6 . 6

	

Fur t her r educe t he vol ume of sol vent t o

about 1 mL on an evapor at i ve concent r at or wi t h t he

wat er bat h at 35° C. Ri nse down t he si des of t he

t ube wi t h 1 mL acet oni t r i l e and concent r at e t o a

f i nal vol ume of 1 . 0 mL. St opper unt i l chr omat o-

gr aphi c anal ysi s can begi n .

6 . 7

	

Pr epar e t he sol vent s f or t he mobi l e phase

by f i l t er i ng, usi ng t he sol vent cl ar i f i cat i on ki t and

HAWP f i l t er s f or wat er and FHUP f i l t er s f or t he

or gani c sol vent s .

6 . 8

	

Pr epar e l i qui d chr omat ogr aph cal i br at i on

cur ves dai l y by i nj ect i ng t he r ef er ence st andar ds

l i st ed i n t abl e 10. Oper at i ng condi t i ons need t o be

Car bamat e LOS'
st andar d

Medi um

st andar d

Hi gh

st andar d

Pr opham - - - - - - - - - - 9 18 36

Met homyl - - - - - - - - - - 2 4 8

Car bat yl - - - - - - - - - - - - 2 4 8



i dent i cal t o t hose used f or sampl e anal ysi s i n st ep

6 . 9 . Recor d t he vol ume of t he st andar d i nj ect ed and

t he r et ent i on t i me and i nt egr at ed peak ar ea of each

component i n t he st andar d .

6 . 9 I nj ect an al i quot of sampl e ext r act i nt o

t he cal i br at ed l i qui d chr omat ogr aph . Recor d t he vol -

ume i nj ect ed . I dent i f y t he peaks by r et ent i on t i me .

Conf i r mat i on i s obt ai ned by measur i ng t he peak

ar ea at t he t wo di f f er ent wavel enght hs ( 254 and

280 nm) and compar i ng t he r at i o of t he peak ar eas

t o t hat of t he st andar d . Recor d t he r et ent i on t i me

and i nt egr at ed ar ea of any i dent i f i ed peak . Di l ut e

any ext r act cont ai ni ng an i dent i f i abl e component

above t he hi ghest st andar d .

7. Cal cul at i ons
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7 . 1 Cal cul at e t he r esponse f act or of each

i dent i f i ed component i n t he cal i br at i on st andar d :

A,
RF =

Cs x V
,

wher e

RF= r esponse f act or of i dent i f i ed component i n

cal i br at i on st andar d, i n ar ea/ ng,

CS = concent r at i on of st andar d component , i n

ng/ Et L,

V= vol ume of st andar d i nj ect ed, i n pL, and

A, = i nt egr at ed peak ar ea of i dent i f i ed compo-

nent i n cal i br at i on st andar d .

7 . 2

	

Cal cul at e t he concent r at i on of each i dent i -

f i ed component i n t he or gi ni al sampl e f r om t he

equat i on

Concent r at i on ( Ff g/ L) =

	

A2x V2

	

x 1, 000,
RFx V3 x W

wher e

RF= r esponse f act or of i dent i f i ed cal i br at i on

st andar d, i n ar ea/ ng,

A2 = i nt egr at ed peak ar ea of i dent i f i ed sampl e

component ,

V2 = f i nal vol ume of sampl e ext r act , i n mL,

V3 = vol ume of sampl e ext r act i nj ect ed, i n gL,

and

W= wei ght of sampl e i n g, expr essed i n mL

( 1 . 000 mL = 1 . 000 g) .

8 . Repor t

Repor t concent r at i ons of car bamat es i n wat er or

wat er - suspended- sedi ment mi xt ur es as f ol l ows : l ess

t han 2 gg/ L, as " l ess t han 2 . 0 gg/ L" ; 2 . 0 gg/ L and

above, t wo si gni f i cant f i gur es .

9. Pr eci si on

Si ngl e- oper at or pr eci si on was det er mi ned by spi k-

i ng sur f ace- wat er sampl es at f our concent r at i ons

and f our r epl i cat es per f or med on di f f er ent days . Re-

sul t s ar e as f ol l ows :

Sel ect ed r ef er ences

Goer l i t z, D. F. , and Br own, Eugene, 1972, Met hods f or anal ysi s of

or gani c subst ances i n wat er : U. S . Geol ogi cal Sur vey Tech-

ni ques of Wat er - Resour ces I nvest i gat i ons, Book 5, Chapt er

A3, 40 p .

Spar aci ne, C. M. , and Hi nes, J . W. , 1976, Hi gh- per f or mance l i qui d

chr omat ogr aphy of car bamat e pest i ci des : Jour nal of Chr o-

mat ogr aphy Sci ence, v . 14, p. 549- 555 .

Oi l and gr ease, ext r act abl e,

ext r act i on- gr avi met r i c ( 0- 3108- 83)

Par amet er

	

Code

Oi l and gr ease, t ot al ( mg/ L as oi l and gr ease) - - - - - - - 00556

1 . Appl i cat i on
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Thi s met hod i s sui t abl e f or t he det er mi nat i on of

oi l and gr ease i n wat er - suspended- sedi ment mi x-

t ur es cont ai ni ng at l east 1 mg/ L of t he anal yt e .

2.

	

Summar y of met hod

2 . 1

	

A sampl e i s ext r act ed t wi ce wi t h t r i chl or o-

t r i f l uor oet hane and t he ext r act i s evapor at ed at

20' C t o l eave a nonvol at i l e r esi due whose wei ght

r epr esent s an est i mat e of t he ext r act abl e or gani c

mat t er i n t he sampl e.

2 . 2 The pr ocedur e appr oxi mat es t he det er mi -

nat i on of oi l s and gr ease i n wat er , and i s si mi l ar t o

Met hod 2778- 70 descr i bed by t he Amer i can Soci et y

f or Test i ng and Mat er i al s ( 1982) and t o Met hod 137,

Oi l and Gr ease, descr i bed by t he Amer i can Publ i c

Mean Rel at i ve
Concent r at i on concent r at i on st andar d

Compound
spi ked
( pg1L)

r ecover ed

( vg/ L)

devi at i on
( per cent )

Met homyl - - - - - - - - - 2 . 51 2 . 13 20

5 . 02 3 . 80 11

10 . 0 7 . 47 9 . 4

20 . 1 15 . 5 7 . 3

Car bar yl - - - - - - - - - - 2 . 36 2 . 33 5 . 7

4 . 72 4 . 58 4 . 8

9 . 44 9 . 18 5 . 5

18 . 9 18 . 6 3 . 4

Pr opham- - - - - - - - - - 7 . 05 5 . 68 13

14 . 1 11 . 2 8. 0

28 . 2 22 . 2 7 . 7

56 . 4 43 . 0 8 . 2
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Heal t h Associ at i on and ot her s ( 1981) i n " St andar d

Met hods f or t he Exami nat i on of Wat er and Wast e-

wat er . "

3 . I nt er f er ences

Or gani c sol vent s var y consi der abl y i n t hei r abi l i t y

t o di ssol ve oi l subst ances and ot her or gani c mat t er .

Any met hod used t o obt ai n an est i mat e of t he

amount of ext r act abl e or gani c mat t er must , of ne-

cessi t y, be hi ghl y empi r i cal . Cl ose at t ent i on t o al l

oper at i ons of t he anal yt i cal pr ocedur e i s r equi r ed t o

obt ai n r epr oduci bl e r esul t s .

4 . Appar at us

4 . 1

	

Di sh, al umi numf oi l , 110 mmi n di amet er ,

100- mL capaci t y .

4 . 2

	

Funnel , separ at or y, pear - shaped, 2- L ca-

t i ousl y, wi t h const ant st i r r i ng and cool i ng, add 100

mL concent r at ed H2SO4 t o 100 mL demi ner al i zed

wat er .

5 . 4 Tr i chl or ot r i f l uor oet hane sol vent , 1, 1, 2-

Tr i chl or ot r i f l uor oet hane, b. p . 47 . 6° C, r eagent

gr ade.

6 . Pr ocedur e

6 . 1

	

Col l ect appr oxi mat el y 900 mL of sampl e

i n a 1- L gl ass bot t l e.

6 . 2

	

Tr ansf er t he ent i r e cont ent s of t he gl ass

bot t l e t o a 1, 000- mL gr aduat ed cyl i nder . Recor d t he

vol ume . Pr epar e a 900- mL demi ner al i zed wat er

bl ank and car r y i t t hr ough t he sampl e- anal ysi s pr o-

cedur e . Subt r act t he r esi dual wei ght ( bl ank) f r om

t he sampl e ext r act r esi dual wei ght . I f t he wei ght of

t he bl ank exceeds 4 . 0 mg, a new bot t l e of sol vent

must be obt ai ned t o pr ovi de a bl ank of 4 . 0 mg or

l ess .

6 . 3

	

Tr ansf er t he sampl e f r om t he gr aduat ed

cyl i nder t o a 2- L separ at or y f unnel , and add 5 mL

sul f ur i c aci d ( 1 + 1) . Shake t o mi x t hor oughl y .

6 . 4 Ri nse t he gl ass bot t l e wi t h 25 mL

t r i chl or ot r i f l uor oet hane sol vent and t r ansf er t he sol -

vent t o t he gr aduat ed cyl i nder . Ri nse t he gr aduat e

and t r ansf er t he sol vent t o t he separ at or y f unnel .

Shake vi gor ousl y f or 2 mi n, st oppi ng t o vent t he

pr essur e as necessar y .
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6 . 5 Al l ow t he l ayer s t o separ at e and t hen

dr aw of f t he sol vent and f i l t er i t t hr ough a smal l

amount of anhydr ous Na2SO4 pl aced on a smal l f i l t er

paper ( What man No . 40, or equi val ent ) i n a f unnel .

Col l ect t he f i l t r at e i n a t ar ed al umi num- f oi l di sh .

6 . 6

	

Repeat st eps 6 . 4 and 6 . 5, f i l t er i ng t he sol -

vent t hr ough t he same f unnel and addi ng t he f i l t r at e

t o t hat al r eady col l ect ed i n t he al umi num- f oi l di sh .

6 . 7 Wash t he f i l t er paper wi t h t hr ee 5- mL

por t i ons of sol vent , col l ect i ng al l washi ngs i n t he

al umi num- f oi l di sh.

6 . 8

	

Evapor at e t he sol vent col l ect ed i n t he al u-

mi num- f oi l di sh at r oom t emper at ur e ( 20' C) i n a

wel l - vent i l at ed f ume hood.

6 . 9

	

Ri nse t he i nsi de of t he al umi num- f oi l di sh

wi t h demi ner al i zed wat er t o r emove t r aces of sul f u-

r i c aci d . Dr y t he di sh i n a desi ccat or t o r emove

twaer .

Or gani c mat t er , ext r act abl e, mg/ L =

RX - Rb

mL sampl e

wher e

RX = wei ght of ext r act ed r esi due, i n mg, and

Rb = wei ght of sol vent r esi due ( bl ank) , i n mg.

8 . Repor t

9 . Pr eci si on

x 1, 000,

Repor t or gani c mat t er , ext r act abl e, wat er -

suspended- sedi ment , concent r at i ons as f ol l ows : l ess

t han 10 mg/ L, near est mg/ L; 10 mg/ L and above,

t wo si gni f i cant f i gur es .

Pr eci si on dat a cannot be gi ven f or t hi s det er mi na-

t i on because of t he var i abl e nat ur e of t he mat er i al s

bei ng ext r act ed .

Sel ect ed r ef er ences

Amer i can Publ i c Heal t h Associ at i on, 1981, St andar d met hods f or

t he exami nat i on of wat er and wast ewat er ( 15t h ed . ) : Wash-

i ngt on D. C. , Amer i can Publ i c Heal t h Associ at i on, I nc . ,

p. 461 .

Amer i can Soci et y f or Test i ng and Mat er i al s, 1982, Annual Book

of ASTMSt andar ds, Par t 31, Wat er : Phi l adel phi a, Amer i can

Soci et y f or Test i ng and Mat er i al s, p . 627 .

paci t y

5 . Reagent s

( Cor ni ng 6404, or equi val ent ) .
6 . 10 Wei gh t he r esi due i n t he di sh af t er t he

wat er has evapor at ed .

5 . 1 Sodi umsul f at e, anhydr ous, gr anul ar . 7 . Cal cul at i ons

5 . 2 Suot r i c aci d, concent r at ed ( sp. gr . 1 . 84) . Det er mi ne t he mg/ L ext r act abl e or gani c mat t er

5 . 3 Sul f ur i c aci d, ( 1 - F 1) : Sl owl y and cau- i n t he sampl es as f ol l ows :
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Oi l and gr ease, ext r act abl e f r om bot t om

mat er i al , ext r act i on- gr avi met r i c ( 0- 5108- 83)

Par amet er

	

Code

Oi l and gr ease, r ecover abl e f r om

bot t om mat er i al ( mg/ kg as oi l and gr ease) - - - - - - - 00557

1 . 1

	

Thi s met hod i s sui t abl e f or t he det er mi na-

t i on of oi l and gr ease i n ai r - dr i ed bot t om mat er i al s

cont ai ni ng at l east 1, 000 mg/ kg.

1 . 2

	

Thi s met hod may be used f or t he det er mi -

nat i on of oi l and gr ease i n wet bot t om mat er i al s i f

t he appr opr i at e moi st ur e cor r ect i on i s appl i ed .

A sampl e i s ext r act ed t wi ce wi t h t r i chl or o-

t r i f l uor oet hane and t he ext r act i s evapor at ed at

20 ° C t o l eave a nonvol at i l e r esi due whose wei ght

r epr esent s an est i mat e of t he ext r act abl e or gani c

mat t er i n t he sampl e .

Or gani c sol vent s var y consi der abl y i n t hei r abi l i t y

t o di ssol ve oi l subst ances and ot her or gani c mat t er .

Any met hod used t o obt ai n an est i mat e of t he

amount of ext r act abl e or gani c mat t er must , of ne-

cessi t y, be hi ghl y empi r i cal . Cl ose at t ent i on t o al l

oper at i ons of t he anal yt i cal pr ocedur e ar e r equi r ed

t o obt ai n r epr oduci bl e r esul t s .

4 . 1

	

Di sh, al umi numf oi l , 110 mmi n di amet er ,

100- mL capaci t y .

4 . 2

	

Funnel , separ at or y, pear - shaped, 2- L ca-

paci t y ( Cor ni ng 6404, or equi val ent ) .

5 . 1

	

Sodi umsul f at e, anhydr ous, gr anul ar .

5 . 2

	

Sul f ur i c aci d, concent r at ed ( sp . gr . 1 . 84) .

5 . 3

	

Sul f ur i c aci d, ( 1 + 1) : Sl owl y and cau-

t i ousl y, wi t h const ant st i r r i ng and cool i ng, add 100

mL concent r at ed H2SO4 t o 100 mL demi ner al i zed

wat er .

5 . 4 Tr i chl or ot r i f l uor oet hane sol vent , 1, 1, 2-

Tr i chl or ot r i f l uor oet hane, b . p . 47 . 6 ° C, r eagent

gr ade .

6 . 1

	

Wei gh, t o t he near est mg, appr oxi mat el y

1 g of ai r - dr i ed sampl e mat er i al . Al t er nat i vel y, a wet

sampl e may be wei ghed i f a cor r ect i on i s made f or

moi st ur e cont ent .

6 . 2

	

Quant i t at i vel y t r ansf er t he wei ghed sam-

pl e t o a 2- L- capaci t y separ at or y f unnel . Add appr ox-

i mat el y 900 mL demi ner al i zed wat er and shake t o

mi x . Pr epar e a 900- mL demi ner al i zed wat er bl ank

and car r y i t t hr ough t he sampl e- anal ysi s pr ocedur e .

Subt r act t he r esi dual wei ght ( bl ank) f r omt he sam-

pl e ext r act r esi dual wei ght . I f t he wei ght of t he

bl ank exceeds 4 . 0 mg, a new bot t l e of sol vent must

be obt ai ned t o pr ovi de a bl ank of 4 . 0 mg or l ess .

6 . 3

	

Add 5 mL sul f ur i c aci d ( 1 + 1) . Shake t o

mi x t hor oughl y .

6 . 4 Add 25 mL t r i chl or ot r i f l uor oet hane and

shake vi gor ousl y f or 2 mi n, st oppi ng t o vent t he

pr essur e as necessar y .

6 . 5 Al l ow t he l ayer s t o separ at e and t hen

dr aw of f t he sol vent and f i l t er i t t hr ough a smal l

amount of anhydr ous Na2SO4 pl aced on a smal l f i l t er

paper ( What man No . 40, or equi val ent ) i n a f unnel .

Col l ect t he f i l t r at e i n a t ar ed al umi num- f oi l di sh .

6 . 6

	

Repeat st eps 6 . 4 and 6 . 5, f i l t er i ng t he sol -

vent t hr ough t he same f unnel and addi ng t he f i l t r at e

t o t hat al r eady col l ect ed i n t he al umi num- f oi l di sh .

6 . 7 Wash t he f i l t er paper wi t h t hr ee 5- mL

por t i ons of sol vent , col l ect i ng al l washi ngs i n t he

al umi num- f oi l di sh .

6 . 8

	

Evapor at e t he sol vent col l ect ed i n t he al u-

mi num- f oi l di sh at r oom t emper at ur e ( 20' C) i n a

wel l - vent i l at ed f ume hood .

6 . 9

	

Ri nse t he i nsi de of t he al umi num- f oi l di sh

wi t h demi ner al i zed wat er t o r emove t r aces of sul f u-

r i c aci d. Dr y t he di sh i n a desi ccat or t o r emove

wat er .

6 . 10

	

Wei gh t he r esi due r emai ni ng i n t he di sh

af t er t he wat er has evapor at ed .

7. Cal cul at i ons

7 . 1 Det er mi ne t he mg/ kg ext r act abl e or gani c

mat t er i n t he ai r - dr i ed sampl e as f ol l ows :

Or gani c mat t er , ext r act abl e, mg/ kg =

R. - R6

sampl e wei ght i n g
x 1, 000,

wher e

RX = wei ght of ext r act ed r esi due, i n mg, and

Rb = wei ght of sol vent r esi due ( bl ank) , i n mg.

NOTE: I f wet bot t om- mat er i al sampl e i s used i n

pr ef er ence t o ai r - dr i ed sampl e, a f act or cor r ect i ng

f or moi st ur e cont ent must be appl i ed t o above equa-

t i on .
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8. Repor t

8 . 1 Repor t or gani c mat t er , ext r act abl e, ai r -

dr i ed bot t om mat er i al , concent r at i ons as f ol l ows :

l ess t han 10, 000 mg/ kg, near est 1, 000 mg/ kg;

10, 000 mg/ kg and above, t wo si gni f i cant f i gur es .

9. Pr eci si on

Pr eci si on dat a cannot be gi ven f or t hi s det er mi na-

t i on because of t he var i abl e nat ur e of t he mat er i al s

bei ng ext r act ed .

Fuel oi l s, l i ght , t ot al r ecover abl e, gas

chr omat ogr aphi c ( 0- 3109- 83)

Par amet er

	

Code

Fuel oi l s, l i ght , t ot al r ecover abl e ( mg/ L) - - - - None assi gned.

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on of

l i ght f uel oi l s ( Cl o- C22) i n wat er or wat er -

suspended- sedi ment mi xt ur es at concent r at i ons of

0 . 1 mg/ L and above.

2.

	

Summar y of met hod

A wat er or wat er - suspended- sedi ment sampl e

cont ai ni ng l i ght f uel oi l s ( di esel oi l s) i s aci di f i ed and

ext r act ed wi t h hexane . The ext r act i s concent r at ed

and anal yzed by t emper at ur e- pr ogr ammed gas chr o-

mat ogr aphy usi ng a f l ame- i oni zat i on det ect or .

These oi l s possess a char act er i st i c envel ope whi ch

appear s dur i ng t he t emper at ur e- pr ogr ammed r un.

Thi s envel ope, composed of t he var i ous hydr ocar bon

peaks, appr oxi mat es t he boi l i ng r ange pr of i l e of t he

oi l . The ar ea of t he envel ope i s r epr oduci bl e and i s

t he basi s f or quant i t at i on. Char act er i zat i on i s based

on compar i son of t he peaks i n t he r esi due chr o-

mat ogr amwi t h t hose of a known oi l sampl e .

3. I nt er f er ences

Any compound havi ng chemi cal and physi cal

pr oper t i es si mi l ar t o an anal yt e of i nt er est may i n-

t er f er e .

4. Appar at us

4 . 1

	

Boi l i ng chi p, mi cr o, gr anul es, Hengar H-

1366C, or equi val ent .

4 . 2 Concent r at or appar at us, Kuder na- Dan-

i sh ( K- D) t ype, wi t h 10 . 0- and 4 . 0- mL r ecei ver s,

200- and 500- mL f l asks, and a one- bal l Snyder col -

umn .

4 . 3

	

Evapor at i ve concent r at or , Or ganomat i on

N- Evap, or equi val ent .
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4 . 4 Gas chr omat ogr aph, Hewl et t - Packar d

5710, or equi val ent .

4 . 4 . 1

	

The f ol l owi ng condi t i ons ar e r ecom-

mended :

Col umns, bor osi l i cat e gl ass, 1 . 8 mx 2

mmi d ( i nsi de di amet er ) . Col umn packi ng i s 5 per -

cent OV- 101 on 100/ 120 mesh Gas Chr om Q, or

equi val ent . A capi l l ar y col umn oper at ed under ap-

pr opr i at e condi t i ons may al so be used.

Temper at ur e pr ogr am, 3- mi n post i nj ec-

t i on hol d, 100 ° C t o 230 ° C at 8' C/ mi n, hol d f or 2

mi n, end of cycl e .

Det ect or , f l ame- i oni zat i on oper at ed at

250° C.

5. Reagent s

I nj ect i on por t t emper at ur e, 210 0' C.

Car r i er gas, hel i um, f l ow r at e 30 mL/ mi n .

5 . 1 Fuel oi l st andar d : A sampl e of t he oi l

bei ng det er mi ned must be avai l abl e f r omt he manu-

f act ur er or ot her sui t abl e sour ce . The Envi r onment al

Pr ot ect i on Agency Envi r onment al Moni t or i ng and

Suppor t Labor at or y i n Ci nci nnat i , Ohi o, has sever al

st andar d oi l r ef er ences . Wei gh about 10 mg of st an-

dar d t o at l east t hr ee si gni f i cant f i gur es and quan-

t i t at i vel y t r ansf er i t t o a 25- mL vol umet r i c f l ask .

Di l ut e t o vol ume wi t h i so- oct ane . Pr epar e st andar ds

i n i so- oct ane at concent r at i ons of 100, 1, 000, and

10, 000 ng/ gL.

5 . 2 Sodi um sul f at e, gr anul ar , anhydr ous :

The sodi um sul f at e shoul d be heat ed at 300 ° C over -

ni ght and st or ed i n a st opper ed, gl ass cont ai ner .

5 . 3 Sol vent s, acet one and hexane, pest i ci de

r esi due qual i t y, di st i l l ed i n gl ass, Bur di ck and Jack-

son, or equi val ent .

5 . 4

	

Sul f ur i c aci d, concent r at ed ( sp . gr . 1 . 84) .

5 . 5

	

Sul f ur i c aci d, 2 N Add 53 mL concen-

t r at ed H2504 sl owl y t o 500 mL wat er . Cool and

di l ut e t o 1 L .

5 . 6

	

Wat er , r eagent gr ade, or gani c- f r ee.

6. Pr ocedur e

Gl asswar e must be cl eaned by washi ng wi t h hot

det er gent sol ut i on, r i nsi ng wi t h dei oni zed wat er , and

heat i ng over ni ght at 300° C. Just pr i or t o use, t he

gl asswar e i s r i nsed wi t h met hyl ene chl or i de. Do not

use st opcock gr ease on gr ound- gl ass j oi nt s .

6 . 1 Ref r i ger at e t he sampl e unt i l ext r act i on .

The ext r act i on must be per f or med wi t hi n 24 t o 48 h

af t er r ecei pt t o mi ni mi ze oi l degr adat i on.

6 . 2 Wei gh t he bot t l e cont ai ni ng t he sampl e

and r ecor d t he wei ght . Pour t he sampl e i nt o a 1- L
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separ at or y f unnel and wei gh t he empt y sampl e bot -

t l e . Cal cul at e t he net sampl e wei ght and r ecor d t he

val ue obt ai ned t o t hr ee si gni f i cant f i gur es . Use 2 N

sul f ur i c aci d t o adj ust t he pH t o 1 t o 2 .

6 . 3

	

Add 20 mL hexane t o t he sampl e bot t l e,

swi r l , and pour i nt o a separ at or y f unnel . Al l ow bot -

t l e t o dr ai n .

6 . 4 Shake t he f unnel vi gor ousl y f or 1 mi n,

vent i ng of t en t o r el i eve pr essur e . Decant t he sol vent
l ayer i nt o a 500- mL Er l enmeyer f l ask .

6 . 5

	

Repeat st eps 6 . 3 and 6 . 4 t wi ce, f or a t ot al

of t hr ee ext r act i ons .

6 . 6

	

Add about 5 g anhydr ous sodi um sul f at e
t o t he Er l enmeyer f l ask cont ai ni ng t he ext r act s and

al l ow t o st and cover ed f or at l east 4 h .

6 . 7 Quant i t at i vel y t r ansf er t he ext r act t o a

K- D appar at us . Add a boi l i ng chi p, and concent r at e
on a wat er bat h t o about 5 mL. Remove t he appar a
t us and dr y t he j oi nt s wi t h a t owel . Ri nse t he l ower
j oi nt wi t h hexane i nt o t he r ecei ver .

6 . 8

	

Cont i nue concent r at i on on an evapor at i ve

concent r at or unt i l t he vol ume i s r educed t o about 0 . 5

mL. Wash t he wal l s of t he r ecei ver wi t h smal l por
t i ons of hexane dur i ng concent r at i on and di l ut e t o
1 . 0 mL wi t h hexane .

6 . 9 Pr epar e gas chr omat ogr aph cal i br at i on

cur ves dai l y by i nj ect i ng t he ser i es of r ef er ence st an-

dar ds . Oper at i ng condi t i ons must be i dent i cal f or
sampl es and st andar ds . Recor d t he vol ume of t he
st andar d i nj ect ed .

6 . 10

	

I nj ect an al i quot of sampl e ext r act i nt o
t he gas chr omat ogr aph . Recor d t he vol ume i nj ect ed.
Di l ut e any ext r act cont ai ni ng f uel oi l i n a concent r a-
t i on gr eat er t han t he hi ghest st andar d .

6 . 11

	

Det er mi ne t he ar ea under t he envel ope
of t he f uel oi l st andar d . Choose t he begi nni ng and

endi ng peaks so t hat a r epr oduci bl e ar ea wi l l be
measur ed when quant i t at i ng di f f er ent st andar ds and
sampl es . Use t he equat i ons i s sect i on 7 t o cal cul at e
t he concent r at i on of f uel oi l i n t he sampl e.

7 . Cal cul at i ons

7 . 1

	

Cal cul at e t he r esponse f act or f or t he cal i -
br at i on st andar d:

RF =
A,

V, XC

wher e

RF= r esponse f act or of f uel oi l i n cal i br at i on

st andar d, i n ar ea/ ng,

C, = concent r at i on of st andar d, i n ng/ gL,
V, = vol ume of st andar d i nj ect ed, i n gL, and

A, = i nt egr at ed peak ar ea of cal i br at i on st an-

dar d .

7 . 2

	

Cal cul at e t he concent r at i on of f uel oi l i n

t he or i gi nal wat er sampl e f r omt he equat i on

8 . Repor t

9. Pr eci si on

Concent r at i on ( mg/ L)
A2 XV2

V3 xWxRF

5 5

wher e

RF= r esponse f act or of f uel oi l i n cal i br at i on

st andar d, i n ar ea/ ng,

A2 = i nt egr at ed peak ar ea of sampl e,

V2 = f i nal vol ume of sampl e ext r act , i n mL,

V3 = vol ume of sampl e ext r act i nj ect ed, i n gL,

and

W= wei ght of sampl e i n g, expr essed i n mL

( 1 . 000 mL = 1 . 000 g) .

Repor t concent r at i ons of f uel oi l i n wat er or

wat er - suspended- sedi ment mi xt ur es as f ol l ows : l ess

t han 0 . 02 mg/ L, as " l ess t han 0 . 02 mg/ L" ; 0 . 02 t o

0 . 1 mg/ L, t wo deci mal s, 0 . 1 mg/ L and above, t wo

si gni f i cant f i gur es .

Si ngl e- oper at or pr eci si on dat a f or No . 2 di esel f uel

spi ked i nt o di st i l l ed and nat ur al wat er sampl es ar e

as f ol l ows :

Number

	

Mean concent r at i on

	

Rel at i ve

of

	

det er mi ned

	

st andar d devi at i on
r epl i cat es ( mg1L) ( per cent )

Concent r at i on

of spi kedf uel oi l Di st i l l ed Nat ur al Di st i l l ed

	

Nat ur al

	

Di st i l l ed

	

Nat ur al
sampl e ( mg/ L)

	

wat er

	

wat er

	

wat er

	

wat er

	

wat er

	

wat er

0. 085 - - - - - -

	

5

	

5

	

0. 064

	

0. 058

	

28

	

22

. 85 - - - - - - -

	

5

	

5

	

. 68

	

. 67

	

4. 8

	

10

8. 5 - - - - - - - -

	

5

	

4

	

7. 0

	

6. 8

	

1. 7

	

7. 3

Phenol s, t ot al r ecover abl e, col or i met r i c,

4- ami noant i pyr i ne ( 0- 3110- 83)

Par amet er

	

Code

Phenol s, t ot al r ecover abl e ( gg/ L as phenol ) - - - - - - - - 32730

1 . Appl i cat i on

Thi s met hod may be used t o anal yze wat er or

wat er - suspended- sedi ment mi xt ur es cont ai ni ng at

l east 1 . 0 l ag/ L of phenol i c mat er i al .

2 .

	

Summar y of met hod

St eam- di st i l l abl e phenol s r eact wi t h 4- ami -

noant i pyr i ne at pH 10 . 0 ± 0 . 2 i n t he pr esence of po-

t assi um f er r i cyani de t o f or m a col or ed ant i pyr i ne



dye . Thi s dye i s ext r act ed f r om aqueous sol ut i on

wi t h chl or of or m, and t he absor bance i s measur ed at

460 nm. Thi s met hod i s si mi l ar i n pr i nci pl e t o, but
di f f er ent i n det ai l f r om ASTMMet hod D 1783- 80
( Amer i can Soci et y f or Test i ng and Mat er i al s, 1982) .

3 . I nt er f er ences .

Phenol has been sel ect ed as t he st andar d f or r ef -
er ence. Subst i t ut ed phenol s may pr oduce l ess col or

t han phenol . The concent r at i on of phenol s det er -

mi ned by t hi s met hod r epr esent s t he mi ni mumcon-

cent r at i on of phenol i c compounds pr esent i n t he

sampl e.

Cer t ai n bact er i a, oxi di zi ng and r educi ng sub-

st ances, and hi ghl y al kal i ne wast e wat er s may i nt er -

f er e wi t h t hi s met hod . I nf or mat i on f or r emoval of

maj or i nt er f er ences may be f ound i n ASTMMet hod

D1783- 80.

4 . Appar at us

4 . 1

	

Di st i l l at i on appar at us, al l gl ass, consi st -

i ng of a 1- L Pyr ex di st i l l i ng appar at us and a wat er -

cool ed condenser ( Cor ni ng 3360, or equi val ent ) .

4 . 2

	

Funnel s, Buchner t ype wi t h f r i t t ed- gl ass

di sk ( 15- mL Cor ni ng 36060, or equi val ent ) .

4 . 3 Phot omet er , spect r ophot omet er or f i l t er

phot omet er oper at i ng at 460 nm, and accommodat -

i ng cel l s havi ng l i ght pat hs of 1 . 0 and 10 em.

4 . 4 Funnel , Separ at or y, pear - shaped, 1, 000

mL ( Cor ni ng 6404, or equi val ent ) .

5 . Reagent s

Al l r eagent s must be pr epar ed wi t h phenol - f r ee

di st i l l ed wat er . Dei oni zed wat er i s usual l y not sat i s-

f act or y .

5 . 1

	

Ami noant i pyr i ne sol ut i on, 2 g/ 100 mL:

Di ssol ve 2 . 0 g of 4- Amnoant i pyr i ne i n di st i l l ed

wat er and di l ut e t o 100 mL. Thi s sol ut i on i s not

st abl e and must be pr epar ed each day.

5 . 2 Ammoni um chl or i de sol ut i on, 20 g/ L:

Di ssol ve 20 g r eagent - gr ade ammoni umchl or i de i n

wat er and di l ut e t o 1 L.

5 . 3

	

Ammoni um hydr oxi de, concent r at ed ( sp .

gr . 0 . 90) , r eagent gr ade .

5 . 4

	

Chl or of or m, spect r ophot omet r i c gr ade .

5 . 5 Copper sul f at e sol ut i on, 100 g/ L: Di s-

sol ve 100 g of CUS0 4 - 5H20 i n wat er and di l ut e t o 1

L.

5 . 6 Phenol st andar d sol ut i on, 1 . 00

mL =1. 00 mg phenol : Di ssol ve 1 . 00 g anal yt i cal

r eagent phenol i n 1, 000 mL f r eshl y boi l ed and

cool ed di st i l l ed wat er . Sol ut i on i s st abl e f or 1 mo.

TECHNI QUES OF WATER - RESOURCES I NVESTI GATI ONS

5 . 7

	

Phosphor i c aci d sol ut i on: Di l ut e 10 mL of

85 per cent H3P0 4 t o 100 mL wi t h phenol - f r ee wat er .

5 . 8

	

Pot assi umf er r i cyani de sol ut i on, 8 g/ 100

mL: Di ssol ve 8 . 0 g of K3Fe( CN) 6 i n wat er , di l ut e t o

100 mL, and f i l t er . Thi s sol ut i on i s not st abl e and

must be pr epar ed each day .

5 . 9 Sodi um sul f at e, anhydr ous, gr anul ar ,

ACS r eagent gr ade .

6. Pr ocedur e

Sampl es shoul d be pr ot ect ed f r om l i ght and ana-

l yzed as soon as possi bl e. The anal yst i s r ef er r ed t o

" St andar d Met hods f or t he Exami nat i on of Wat er

and Wast ewat er , " 15t h edi t i on ( Amer i can Publ i c

Heal t h Associ at i on 1981) f or t he anal ysi s of ver y

al kal i ne or hi ghl y pol l ut ed wat er .

6 . 1

	

Measur e a vol ume of sampl e cont ai ni ng

l ess t han 50 pg phenol ( 500 mL maxi mum) i nt o a

beaker . I f l ess t han 500 mL of sampl e i s used, di l ut e

sampl e wi t h di st i l l ed wat er t o 500 mL . Det er mi ne

t he pH and adj ust t o bel ow 4. 0, i f necessar y . ( Add

5 . 0 mL copper sul f at e sol ut i on i f i t was not added at

sampl i ng. ) Tr ansf er t he sol ut i on t o t he di st i l l at i on

appar at us, add boi l i ng st ones, and di st i l l . Col l ect 450

mL di st i l l at e and st op . Add 50 mL di st i l l ed wat er t o

t he r esi due and pr oceed wi t h di st i l l at i on unt i l 500

mL of di st i l l at e i s col l ect ed.

6 . 2 Pr epar e a 500- mL di st i l l ed- wat er bl ank .

Al so pr epar e 500- mL st andar ds cont ai ni ng 5, 10,

20, 30, 40, and 50 gg phenol , usi ng t he st andar d

phenol sol ut i on .

6 . 3

	

Tr eat t he sampl e, bl ank, and st andar ds as

f ol l ows : Add 1 . 0 mL ammoni um chl or i de sol ut i on

and 1 . 0 mL ammoni um hydr oxi de, mi x, and adj ust

t he pH t o 10 . 0 ± 0 . 2 wi t h concent r at ed ammoni um

hydr oxi de . Add 3 . 00 mL ami noant i pyr i ne sol ut i on

and mi x . Add 3 . 00 mL pot assi um f er r i cyani de sol u-

t i on and agai n mi x . Al l ow t he col or t o devel op f or 3

mi n . A cl ear t o l i ght - yel l ow sol ut i on shoul d r esul t .

6 . 4

	

Add 25 . 0 mL chl or of or m f or 1- and 5- cm

cel l s and 50 . 0 mL chl or of or m f or 10- cmcel l s . Shake

t he separ at or y f unnel vi gor ousl y f or 1 mi n . Al l ow

t he l ayer s t o separ at e and r epeat t he shaki ng t o

achi eve a hi gher r ecover y .

6. 5

	

Af t er t he l ayer s have separ at ed, dr aw of f

t he l ower chl or of or m l ayer and f i l t er t hr ough a 5- g

l ayer of anhydr ous sodi um sul f at e, usi ng a si nt er ed

gl ass f unnel , di r ect l y i nt o an appr opr i at e absor pt i on

cel l . Avoi d wor ki ng i n a dr af t so as t o r educe evapo-

r at i on of t he sol vent .



Phenol i c mat er i al ( I gg/ L) =

8. Repor t

DETERMI NATI ON OF ORGANI CSUBSTANCES I N WATERAND FLUVI AL SEDI MENTS

6 . 6 Measur e t he absor bance of t he sampl e

and st andar ds agai nst t he bl ank at 460 nm. Pr epar e

a cal i br at i on cur ve pl ot t i ng absor bance ver sus Fi g of

phenol .

7. Cal cul at i ons

Cal cul at e t he phenol i c cont ent i n t he sampl e, i n

Fi g/ L, as f ol l ows :

gg phenol i n sampl e x 1, 000

mL or i gi nal sampl e

Repor t concent r at i ons of phenol i c mat er i al as f ol -
l ows: l ess t han 1 l ag/ L, as " l ess t han 1 l eg/ L" ; 1 t o
100 l ag/ L, near est gg/ L; 100 gg/ L and above, t wo
si gni f i cant f i gur es .

9. Pr eci si on

Si ngl e- oper at or pr eci si on ( 10 r epl i cat es) f or phe-

nol spi ked i nt o di st i l l ed wat er i s as f ol l ows :

Sel ect ed r ef er ences

Amer i can Publ i c Heal t h Associ at i on, 1981, St andar d met hods f or
t he exami nat i on of wat er and wast ewat er ( 15t h ed. ) : Wash-

i ngt on D. C. , Amer i can Publ i c Heal t h Associ at i on, I nc . ,

1, 134 p.

Amer i can Soci et y f or Test i ng and Mat er i al s, 1982, Annual book
of ASTMst andar ds, Par t 31, Wat er : Phi l adel phi a, Amer i can
Soci et y f or Test i ng and Mat er i al s, p . 789 .

Goer l i t z, D. F. , and Br own, Eugene, 1972, Met hods f or anal ysi s of

or gani c subst ances i n wat er : U. S . Geol ogi cal Sur vey Tech-
ni ques of Wat er - Resour ces I nvest i gat i ons, Book 5, Chapt er
A3, 40 p.

Met hyl ene bl ue act i ve subst ances, t ot al
r ecover abl e, col or i met r i c ( 0- 3111- 83)

Par amet er

	

Code

Met hyl ene bl ue act i ve subst ances,

t ot al r ecover abl e ( mg/ L as MBAS) - - - - - - - - - - - - - 38260

1 . Appl i cat i on

Thi s met hod i s appl i cabl e t o t he anal ysi s of wat er
or wat er - suspended- sedi ment mi xt ur es cont ai ni ng

at l east 0 . 01 mg/ L met hyl ene bl ue act i ve subst ances

2.

	

Summar y of met hod

3. I nt er f er ences

4. Appar at us

5. Reagent s

57

( MBAS) r el at i ve t o l i near al kyl sul f onat e ( LAS)

st andar d.

Met hyl ene bl ue r eact s wi t h ani oni c sur f act ant s,

bot h al kyl benzene sul f onat es ( ABS) and LAS, t o

f or m a bl ue- col or ed dye compl ex . The compl ex i s

ext r act ed wi t h chl or of or m, and t he met hyl ene bl ue

act i ve subst ances ar e det er mi ned spect r ophot omet r i -

cal l y . Thi s met hod i s si mi l ar i n subst ance t o t he

MBAS met hod i n " St andar d Met hods f or t he Exami -

nat i on of Wat er and Wast ewat er , " 15t h edi t i on

( Amer i can Publ i c Heal t h Associ at i on, 1981) .

Phenol s, pr ot ei ns, and i nor gani c chl or i de, cyanat e,

ni t r at e, and t hi ocyanat e wi l l compl ex met hyl ene bl ue

and gi ve a posi t i ve i nt er f er ence . Wi t h LAS concen-

t r at i ons f r om 0 . 0 t o 0 . 1 mg/ L, t est s have shown no
i nt er f er ence f r om t he f ol l owi ng i ndi vi dual const i t u-

ent s : 10 mg/ L ni t r i t e, 25 mg/ L ni t r at e, 5 mg/ L phe-

nol , and 1 mg/ L hydr ogen sul f i de . Or gani c ami nes

cause l ow r esul t s .

4 . 1

	

Spect r ophot omet er , f or use at 635 nm.

4 . 2 Ref er t o t he manuf act ur er ' s manual t o

opt i mi ze i nst r ument .

5 . 1

	

Chl or of or m, spect r ophot omet r i c gr ade .
5 . 2 Det er gent , pr i mar y st ock st andar d, 1

mL = 1 mg LAS: Use r ef er ence LAS aci d. An am-

poul e of LAS aci d may be obt ai ned f r om t he Envi -

r onment al Moni t or i ng and Suppor t Labor at or y, U. S.

Envi r onment al Pr ot ect i on Agency, Ci nci nnat i , OH
45268 . The ampoul e has a shel f l i f e of 2 yr when
st or ed unopened i n a cool , dar k l ocat i on. The LAS
ampoul e i s l abel ed i n per cent act i ve LAS

( wei ght / vol ume) . Wei gh an amount of LAS aci d
equal t o 1, 000 g LAS on a 100 per cent basi s and
di l ut e wi t h demi ner al i zed wat er t o 1, 000 mL. To
obt ai n t he amount of act i ve LAS, di vi de 1 . 000 g by
t he per cent act i ve st at ed on t he ampoul e l abel . For

exampl e, i f t he LAS sol ut i on i s st at ed as 5 . 69 per -

cent act i ve, mul t i pl y 1 . 000 by 100 and di vi de by
5 . 69 . The r esul t , 17 . 575g, i s t he amount of LAS
sol ut i on t o be wei ghed out and di l ut ed wi t h demi ner -
al i zed wat er t o 1, 000 mL .

5 . 3 Det er gent wor ki ng st andar d I , 1 . 00

mL = 0 . 01 mg LAS: Di l ut e 10 mL of pr i mar y st ock

Rel at i ve st andar d
Phet wl concent r at i on Meanf ound devi at i on

( RgI L) ( WBl L) ( Per cent )

4 . 0 - - - - - - - - - - 4 . 5 12

40 - - - - - - - - - - - - 37 5 . 5
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st andar d t o 1, 000 mL wi t h demi ner al i zed wat er .
Thi s has a shel f l i f e of 1 mo when r ef r i ger at ed .

5 . 4 Det er gent wor ki ng st andar d I I , 1 . 00
mL = 0 . 001 mg LAS: Di l ut e 100 mL of wor ki ng

st andar d I t o 1, 000 mL wi t h demi ner al i zed wat er .

Pr epar e f r esh dai l y .

5 . 5 Met hyl ene bl ue r eagent : Di ssol ve 0 . 35 g
met hyl ene bl ue i n 0 . 01 NH2 SO4 and di l ut e t o 1 L
wi t h 0 . 01 NH2 SO4 .

5 . 6

	

Phenol pht hal ei n sol ut i on : Di ssol ve 2 . 5 g

phenol pht hal ei n i n 250 mL of 95 per cent et hyl al co-

hol and add 250 mL dei oni zed wat er . Then add

0 . 02 NNaOH dr opwi se unt i l a f ai nt pi nk col or ap-

pear s .

5 . 7

	

Sodi um hydr oxi de sol ut i on, 0. 5 N Di s-

sol ve 10 g NaOH i n dei oni zed H2 Oand di l ut e t o 500

mL.

5 . 8

	

Sul f ur i c aci d sol ut i on, 5 N Caut i ousl y,

mi x wi t h cool i ng, 138 mL concent r at ed H2 SO4 ( SP-

gr. 1 . 84) i n 500 mL dei oni zed wat er and di l ut e t o

1, 000 mL wi t h dei oni zed wat er .

5 . 9

	

Sul f ur i c aci d sol ut i on, 0 . 1 NCaut i ousl y,

mi x 3 mL concent r at ed H2 SO4 ( sp . gr . 1 . 84) wi t h

dei oni zed wat er and di l ut e t o 1 L .

6. Pr ocedur e

Al l gl asswar e must be r i nsed wi t h di l ut e HC1 and

dei oni zed wat er i mmedi at el y bef or e use .

6 . 1

	

Pi pet a vol ume of sampl e ( 100 mL maxi -

mum) cont ai ni ng l ess t han 0 . 10 mg MBAS i nt o a
separ at or y f unnel . Pr epar e a bl ank and st andar ds i n

t he same manner .

6 . 2

	

Add 2 dr ops of phenol pht hal ei n sol ut i on

t o t he sampl es and st andar ds and adj ust t he pH t o

near neut r al by t he dr opwi se addi t i on of 0 . 5 N

NaOH or 0 . 1 NH2 SO4 . To t he bl ank, st andar ds, and

sampl es add 1 . 0 mL of 5 NH2SO4 , mi x, and t hen

add 5 . 0 mL met hyl ene bl ue sol ut i on. Mi x t hor ough-

l y .

6 . 3

	

Add 25 . 0 mL chl or of or m and shake t he

cont ent s of t he f unnel f or 30 s . Al l ow t he l ayer s t o

separ at e.

6 . 4

	

Dr ai n of f t he l ower chl or of or m l ayer i nt o

a 1 . 0- cm cel l and measur e t he absor bance of t he

sampl e and st andar ds agai nst t he bl ank at 635 nm.

7. Cal cul at i ons

Det er mi ne t he amount of det er gent cont ai ned i n

t he sampl e, mi nus t he bl ank, f r om t he anal yt i cal

cur ve . Cal cul at e t he amount of MBAS i n t he sampl e

usi ng t he f ol l owi ng equat i on:

TECHNI QUES OF WATER- RESOURCES I NVESTI GATI ONS

mg/ L MBAS ( as LAS) =
Wx 1000

S

wher e

W= mg MBAS obt ai ned f r om cal i br at i on cur ve
mi nus mg bl ank MBAS, and

S = mL of sampl e .

8. Repor t

Repor t MBAS concent r at i ons as f ol l ows : l ess t han

0 . 01 mg/ L, as " l ess t han 0 . 01 mg/ L" ; 0 . 01 t o 1 . 0

mg/ L, t wo deci mal s ; 1 . 0 mg/ L and above, t wo si g-

ni f i cant f i gur es .

9. Pr eci si on

Devi at i on of ± 10 per cent may be expect ed i n t he

r ange of 1 t o 5 mg/ L, i n sur f ace wat er .

Sel ect ed r ef er ences

Amer i can Publ i c Heal t h Associ at i on, 1981, St andar d met hods f or

t he exami nat i on of wat er and wast ewat er ( 15t h ed . ) : Wash-

i ngt on, Amer i can Publ i c Heal t h Associ at i on, I nc . , 1, 134 p .

Goer l i t z, D. F. , and Br own, Eugene, 1972, Met hods f or anal ysi s of

or gani c subst ances i n wat er : U. S . Geol ogi cal Sur vey Tech-

ni ques of Wat er - Resour ces I nvest i gat i ons, Book 5, Chapt er

A3, 40 p.

TNT, RDX, and pi cr i c aci d, t ot al r ecover abl e,

hi gh- per f or mance l i qui d chr omat ogr aphi c

( 0- 3112- 83)

Par amet er

	

Code

TNT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 81360

RDX - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - 81364

Pi cr i c aci d - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 82340

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on

of 1, 3, 5- t r i ni t r o- 1, 3, 5- t r i aza- cycl ohexane ( RDX) ,

2, 4, 6- t r i ni t r ophenol ( pi cr i c aci d) , and 2, 4, 6- t r i ni t r o-

t ol uene ( TNT) i n wat er or wat er - suspended- sedi -

ment mi xt ur es cont ai ni ng at l east 2 gg/ L of anal yt e .

2.

	

Summar y of met hod

RDX, pi cr i c aci d, and TNT ar e ext r act ed f r om

wat er or wat er - suspended- sedi ment mi xt ur es wi t h

met hyl ene chl or i de. The ext r act i s concent r at ed and

subj ect ed t o hi gh- per f or mance l i qui d chr omat ogr a-

phy ( HPLC) anal ysi s usi ng a r ever se- phase col umn

and a dual - wavel engt h ul t r avi ol et det ect or .

3. I nt er f er ences

Any compounds t hat exhi bi t chemi cal and physi -

cal pr oper t i es si mi l ar t o t he compounds of i nt er est

can i nt er f er e .



4. Appar at us

DETERMI NATI ONOF ORGANI CSUBSTANCES I NWATERANDFLUVI AL SEDI MENTS

4 . 1 Concent r at or appar at us, Kuder na- Dan-

i sh ( K- D) , wi t h concent r at or , 500- mL f l ask, one- bal l

and t hr ee- bal l Snyder col umns, and a 10- mL gr adu-

at ed r ecei ver .

4 . 2

	

Evapor at i ve concent r at or , Or ganomat i on

N- Evap, or equi val ent .

4 . 3 Fi l t er s, 0 . 5 gmmi l l i por e FHUP, cat al og

no. 04700, or equi val ent , and 0 . 45 gm mi l l i por e

HAWP, cat al og no. 04700, or equi val ent .

4 . 4 Li qui d chr omat ogr aph, Wat er s Associ -

at es ALC/ GPC 204 l i qui d chr omat ogr aph equi pped

wi t h a dual - channel , var i abl e- wavel engt h det ect or , a

model 6000A sol vent - del i ver y syst em, a model 660

sol vent - f l ow pr ogr ammer , a model WI SP 710A

mi cr opr ocessor , and a dat a modul e, or equi val ent .

4 . 4 . 1

	

The f ol l owi ng condi t i ons ar e r ecom-

mended :

Col umn, 300 mmx 3 . 9 mm i d ( i nsi de di -

amet er ) st ai nl ess st eel packed wi t h 10 gm par t i cl e

si ze r ever se- phase mat er i al : Wat er s Associ at es

u- Bonapak C1a packi ng, or equi val ent .

Wavel engt hs, 254 and 356 nm.

Sol vent , 36 per cent sol ut i on A ( st ep 5 . 2. 1)
and 64 per cent sol ut i on B ( st ep 5 . 2 . 2) at a f l ow r at e

of 1 . 10 mL/ mi n i socr at i c .

4 . 5

	

Sol vent cl ar i f i cat i on ki t , Wat er s Associ -
at es 85113, or equi val ent .

4 . 6

	

Shaker , mechani cal , wr i st - act i on .

5. Reagent s

5 . 1 Hydr ochl or i c aci d, concent r at ed ( sp . gr .
1 . 19) , r eagent gr ade.

5 . 2 Mobi l e phase sol ut i ons : Pr epar e t he i on
pai r i ng, t et r abut yl ammoni um- phosphat e sol ut i ons
f or t he mobi l e phase usi ng Wat er s Associ at es PI C
Reagent A, or equi val ent .

5 . 2 . 1 Sol ut i on A: Add one bot t l e of PI C
r eagent At o 1, 000 mL or gani c- f r ee wat er . St i r f or 5
mi n and t hen f i l t er t hr ough a0. 45- gm f i l t er , t ype
HAWP f or aqueous sol vent s .

5 . 2 . 2 Sol ut i on B: Add one bot t l e of PI C
r eagent A t o 1, 000 mL acet oni t r i l e . St i r f or 5 mi n
and t hen f i l t er t hr ough a 0 . 45- gm f i l t er , t ype FHUP
f or or gani c sol vent s .

5 . 3

	

RDX, pi cr i c aci d, and TNT st andar ds,
anal yt i cal r ef er ence gr ade or hi ghest pur i t y avai l -

abl e : These may be obt ai ned f r omchemi cal speci al t y

suppl i er s or f r om mi l i t ar y sour ces . Wei gh about 10
mg t o t hr ee si gni f i cant f i gur es and di l ut e t o 25 mL

5 9

wi t h acet oni t r i l e . Pr epar e st andar ds at 1, 5, and 10

ng/ pL i n acet oni t r i l e .

5 . 4 Sodi um chl or i de, anhydr ous, gr anul ar :

Pr epar e by heat i ng at 300° C over ni ght .

5 . 5 Sol vent s, acet one, di et hyl et her ( un-

pr eser ved) met hyl ene chl or i de, pest i ci de r esi due

qual i t y, di st i l l ed i n gl ass, Bur di ck and Jackson, or

equi val ent : HPLC- gr ade acet oni t r i l e .

5 . 6

	

Wat er , or gani c- f r ee .

6 . Pr ocedur e

6 . 1

	

Pour 500 mL wat er i nt o a 1- L separ at or y
f unnel . Do not use st opcock gr ease on gr ound- gl ass

j oi nt s .

6 . 2 Add 3 mL concent r at ed HCl and 85 g

NaCl t o t he sampl e cont ai ned i n t he separ at or y f un-

nel and shake unt i l t he sal t i s di ssol ved.

6 . 3

	

Add 75 mL met hyl ene chl or i de t o t he sep-
ar at or y f unnel . St opper and shake f or 1 mi n . Vent
t he pr essur e of t en. Al l ow t he l ayer s t o separ at e and

dr aw of f t he met hyl ene chl or i de l ayer i nt o a 250- mL

Er l enmeyer f l ask .

6 . 4

	

Repeat t he ext r act i on t wi ce usi ng 50 mL
met hyl ene chl or i de each t i me . Combi ne t he ext r act s
i n t he 250- mL Er l enmeyer f l ask .

6 . 5 Quant i t at i vel y t r ansf er t he ext r act t o a
500- mL K- D appar at us f i t t ed wi t h a t hr ee- bal l Sny-
der col umn and a 20- mL r ecei ver . Add a mi cr o boi l -
i ng chi p and 4 mL acet oni t r i l e .

6 . 6

	

Pl ace t he K- D appar at us on a hot - wat er

bat h ( appr oxi mat el y 85' C) . Reduce t he vol ume of
t he ext r act t o about 4 mL . Remove t he K- D appar a
t us and al l ow i t t o cool . Wi pe t he j oi nt s wi t h a t owel .
Ri nse t he l ower j oi nt wi t h acet oni t r i l e i nt o t he r e-
cei ver .

6 . 7 Use t he evapor at i ve concent r at or t o r e-

duce t he vol ume of sol vent t o 0 . 8- 0. 9 mL by di -
r ect i ng a st r eam of ni t r ogen ont o t he sur f ace of t he
ext r act i n t he r ecei ver i n a wat er bat h at 35' C.

6 . 8

	

Pr oceed t o HPLC anal ysi s .

6 . 9 The chr omat ogr aphi c syst em shoul d be
eval uat ed each day t o det er mi ne r et ent i on vol ume
and det ect or r esponse f or RDX, pi cr i c aci d, and
TNT. Pr epar e cal i br at i on cur ves dai l y by i nj ect i ng
10 gL of a st andar d mi xt ur e at t hr ee concent r at i ons
( see st ep 5 . 3) . Recor d t he vol ume of t he st andar d
i nj ect ed and t he r et ent i on t i me and i nt egr at ed peak
ar ea of each component i n t he st andar d . The oper at -
i ng condi t i ons used f or cal i br at i on must be i dent i cal
t o t hose used f or sampl e anal ysi s ( st ep 6 . 10) .
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6. 10

	

Add 0 . 1 mL PI C r eagent At o t he sampl e
ext r act , mi x, and make up t o a vol ume of 1 . 0 mL ;
al l owt he ext r act t o st and 10 mi n, and t hen i nj ect 10
gL i nt o t he l i qui d chr omat ogr aph . Recor d t he vol -
ume i nj ect ed. I dent i f y t he peaks by r et ent i on t i me.
Conf i r mat i on i s made by measur i ng t he peak ar ea at
t wo di f f er ent wavel engt hs and compar i ng t he r at i o
of t he peak ar eas t o t he peak ar ea r at i o of t he st an-

dar d . Di l ut e any ext r act cont ai ni ng an i dent i f i abl e
component above t he hi ghest st andar ds .

7. Cal cul at i ons

7 . 1 Cal cul at e t he r esponse f act or of each
i dent i f i ed component i n t he cal i br at i on st andar d :

RF =

	

A,

wher e

RF= r esponse f act or of i dent i f i ed component i n
cal i br at i on st andar d, i n ar ea/ ng,

CS = concent r at i on of st andar d component , i n
ng/ gL,

V, = vol ume of st andar d i nj ect ed, i n gL, and
A, = i nt egr at ed peak ar ea of i dent i f i ed compo-

nent i n cal i br at i on st andar d .
7 . 2

	

Cal cul at e t he concent r at i on of each i dent i -

( 1 . 000 mL =1 . 000 g) .

8. Repor t

Repor t concent r at i ons of TNT, RDX, and pi cr i c
aci d i n wat er or wat er - suspended- sedi ment mi x-

t ur es as f ol l ows : l ess t han 2 gg/ L, as " l ess t han 2

gg/ L" ; 2 . 0 gg/ L and above, t wo si gni f i cant f i gur es .

9. Pr eci si on

Si ngl e- oper at or pr eci si on f or ei ght r epl i cat es, ex-

pr essed i n t er ms of per cent r el at i ve st andar d devi a-

t i on, i s as f ol l ows :

TECHNI QUES OF WATER- RESOURCES I NVESTI GATI ONS

CS XV

Compound

RDX- - - - - - - - - - - - - - - - - - - -

Pi cr i c aci d - - - - - - - - - - - - - - -

Goer l i t z, D. F. , and Law, L. M. , 1975, Gas chr omat ogr aphi c

met hod f or t he anal ysi s of TNT and RDX expl osi ves cont am-
i nat i ng wat er and soi l - cor e mat er i al : U. S . Geol ogi cal Sur vey
Open- Fi l e Repor t 75- 182, 21 p.

1979b, Di r ect anal yses of RDX and TNT i n wat er by

hi gh- per f or mance l i qui d chr omat ogr aph : U. S . Geol ogi cal

Sur vey Open Fi l e Repor t 79- 916, 11 p.

Goer l i t z, D. F. , 1979a, Anal ysi s of pi cr i c aci d i n wat er by hi gh-

per f or mance l i qui d chr omat ogr aphy : U. S. Geol ogi cal Sur vey

Open Fi l e Repor t 79- 207, 7 p .

1 . Appl i cat i on

Sel ect ed r ef er ences

Thi s met hod i s sui t abl e f or t he anal ysi s of wat er

and wat er - suspended- sedi ment mi xt ur es f or pol y-

nucl ear ar omat i c hydr ocar bons ( PNA' s) cont ai ni ng

at l east 1 gg/ L of t he anal yt e .

2. Summar y of met hod

PNA' s ar e ext r act ed f r om wat er or

wat er - suspended- sedi ment mi xt ur es wi t h met hy-

l ene chl or i de. The ext r act i s concent r at ed and sub-

j ect ed t o hi gh- per f or mance l i qui d chr omat ogr aphi c

Concent r at i on
spi ked ( wgl L)

Mean
concent r at i on

r ecover ed

( W91L)

Rel at i ve
st andar d
devi at i on

( Per u)

2 . 0 2 . 2 37

4. 0 3 . 9 20

8. 0 7 . 9 12

16 16 11

2. 0 2 . 2 10

4 . 0 4. 0 10

8 . 0 7. 6 4

16 16 5

2. 0 1 . 7 23
4 . 0 3. 0 17

8 . 0 6 . 8 10

16 14 11

f i ed component i n t he or i gi nal wat er sampl e f r om

t he equat i on

Concent r at i on
x

( wg/ L)
A2 V2 x 1, 000

=
Vs x WxRF

Pol ynucl ear ar omat i c hydr ocar bons ( PNA) ,

t ot al r ecover abl e, hi gh- per f or mance l i qui d

chr omat ogr aphi c ( 0- 3113- 83)

Par amet er Code

Acenapht hene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34205

wher e Ant hr acene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34220

RF= r esponse f act or of i dent i f i ed cal i br at i on
Benzo( a) ant hr acene - - - - - - - - - - - - - - - - - - - - - - - - - - 34526

st andar d component , i n ar ea/ ng,
Benzo( g, h, i ) per yl ene- - - - - - - - - - - - - - - - - - - - - - - - - - 34521

Benzo( a) pyr ene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34247
A2 = i nt egr at ed peak ar ea of i dent i f i ed sampl e Chr ysene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34320

component , Di benzo( a, h) ant hr acene - - - - - - - - - - - - - - - - - - - - - - - 34556

V2 = f i nal vol ume of sampl e ext r act , i n mL, Fl uor ant hene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34376

V3 = vol ume of sampl e ext r act i nj ect ed, i n gL,
Fl uor ene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34381

and
Napht hal ene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34696
Phenant hr ene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34461

W=wei ght of sampl e i n g, expr essed i n mL Pyr ene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34469



( HPLC) anal ysi s usi ng a 10- gm r ever se- phase col -

umn and a dual - channel ul t r avi ol et det ect or .

3. I nt er f er ences

Any compounds t hat exhi bi t chemi cal and ( or )

physi cal pr oper t i es si mi l ar t o t he compounds of i n-

t er est can i nt er f er e .

4. Appar at us

5. Reagent s

DETERMI NATI ONOF ORGANI CSUBSTANCES I NWATERANDFLUVI AL SEDI MENTS

4 . 1 Concent r at or appar at us, Kuder na- Dan-

i sh ( K- D) , wi t h a 500- mL f l ask, a t hr ee- bal l Snyder

col umn, and a 10- mL gr aduat ed r ecei ver t ube .

4 . 2

	

Evapor at i ve concent r at or , Or ganomat i on

N- Evap, or equi val ent .

4 . 3

	

Fi l t er i ng appar at us, Mi l l i por e, or equi va-

l ent : The f i l t er i ng appar at us consi st s of a 250- mL

r eser voi r wi t h a gl ass f r i t , and a 1, 000- mL r ecei vi ng

r eser voi r wi t h FH, Mi l l i por e no . FHUP 04700 and

HA, Mi l l i por e no . HAWP 40700 0 . 45- gm f i l t er s f or

t he cor r espondi ng or gani c and aqueous sol vent s, or

equi val ent .

4. 4 Li qui d chr omat ogr aph, Wat er s Associ -

at es ALC/ GPC 204 l i qui d chr omat ogr aph equi pped

wi t h a dual - channel , var i abl e- wavel engt h det ect or , a

model 6000A sol vent - del i ver y syst em, model WI SP

710A mi cr opr ocessor wi t h a model 730 dat a modul e

and a model 720 syst em cont r ol l er , or equi val ent .

4 . 4 . 1 The f ol l owi ng condi t i ons ar e r ecom-

mended :

Col umn, r ever se- phase, mi cr o- bondapak

C18- 10 gm, Wat er s Associ at es, or equi val ent .

Wavel engt hs, 254 and 313 nm.

Sol vent , 40 t o 80 per cent acet oni -

t r i l e/ wat er , l i near sl ope gr adi ent at a f l ow r at e of
1 . 0 mL/ mi n.

5 . 1 PNA st andar ds, EPA anal yt i cal r ef er -

ence gr ade or hi ghest pur i t y avai l abl e : Use met hy-
l ene chl or i de as a sol vent t o pr epar e st ock sol ut i ons
i n t he appr oxi mat e 100- 300 ng/ pL concent r at i on
r ange . St or e i n t he dar k at 4' C.

5 . 2 PNA wor ki ng- st andar d sol ut i on : Pr e-

par e t hr ee st andar d mi xt ur es of 12 PNA' s at con-

cent r at i ons of 1, 5, and 10 ng/ pL i n acet oni t r i l e,
f r omst ep 5 . 1 .

5 . 3 Sodi um sul f at e, gr anul ar , anhydr ous :
Heat over ni ght at 300' C and st or e at 130' C.

5 . 4 Sol vent s, HPLC- qual i t y acet oni t r i l e, and

met hyl ene chl or i de : Fi l t er bef or e use wi t h t he f i l t er -
i ng appar at us descr i bed above ( st ep 4 . 3) .

5 . 5

	

Wat er , or gani c- f r ee .

6. Pr ocedur e

6 1

Gl asswar e must be cl eaned by washi ng wi t h a hot

det er gent sol ut i on, r i nsi ng wi t h dei oni zed wat er , and

heat i ng over ni ght at 300° C. Just pr i or t o use, t he

gl asswar e i s r i nsed wi t h sol vent . St opcock gr ease

shoul d not be used on gr ound- gl ass j oi nt s .

6 . 1 Wei gh t he bot t l e cont ai ni ng t he sampl e

and r ecor d t he wei ght . Pour t he sampl e i nt o a 1- L

separ at or y f unnel . Wei gh t he empt y sampl e bot t l e .

Cal cul at e t he net sampl e wei ght and r ecor d t he

val ue obt ai ned t o t hr ee si gni f i cant f i gur es .

6 . 2 Add 50 mL met hyl ene chl or i de t o t he

sampl e bot t l e, swi r l t o r i nse t he si des of t he bot t l e,

and t r ansf er t he sol vent t o a separ at or y f unnel . The

Tef l on- l i ned cap i s not r i nsed because of t he pot en-

t i al f or cont ami nat i on f r omsol vent t hat has cont act -
ed t he t hr eads and sur f ace beneat h t he Tef l on l i ner .
Shake t he separ at or y f unnel vi gor ousl y f or 1 mi n .

Vent of t en . Al l ow t he l ayer s t o separ at e and dr aw

of f t he met hyl ene chl or i de l ayer i nt o a 250- mL

Er l enmeyer f l ask t hat cont ai ns 0 . 5 g anhydr ous so-
di umsul f at e.

6 . 3

	

Repeat t he ext r act i on of t he wat er sampl e
t wi ce usi ng 40 mL met hyl ene chl or i de each t i me .

Combi ne al l or gani c ext r act s i n t he 250- mL

Er l enmeyer f l ask .

6 . 4 Tr ansf er t he ext r act t o a 500- mL K- D
appar at us f i t t ed wi t h a t hr ee- bal l Snyder col umn

and a 10- mL r ecei ver cont ai ni ng a mi cr o boi l i ng chi p

and 0 . 5 mL of acet oni t r i l e .

6 . 5 Pl ace t he appar at us on a wat er bat h at
about 80' C and concent r at e t o about 5 mL. Remove
f r omt he heat and al l ow t o cool . Dr y t he j oi nt s wi t h a
t owel . Ri nse t he l ower j oi nt wi t h acet oni t r i l e i nt o t he
r ecei ver .

6 . 6

	

Fur t her r educe t he vol ume of sol vent t o
about 1 mL on an evapor at i ve concent r at or . Ri nse
down t he si des of t he t ube wi t h 1 mL acet oni t r i l e
and concent r at e t o a f i nal vol ume of 0 . 5 mL. St opper
unt i l chr omat ogr aphi c anal ysi s can begi n .

6 . 7

	

Opt i mi ze t he chr omat ogr aphi c condi t i ons .
6 . 8

	

Pr epar e l i qui d chr omat ogr aph cal i br at i on
cur ves dai l y by i nj ect i ng t he st andar ds descr i bed i n
st ep 5 . 2 . Oper at i ng condi t i ons must be i dent i cal t o
t hose used f or sampl e anal ysi s ( st ep 6 . 9) . Recor d t he
vol ume of t he st andar d i nj ect ed and t he r et ent i on
t i me and i nt egr at ed peak ar ea of each component i n
t he st andar d . The cal i br at i on shoul d be per f or med at
t he begi nni ng and end of a r un, and af t er ever y
f our t h sampl e .

6 . 9 I nj ect an al i quot of sampl e ext r act i nt o
t he l i qui d chr omat ogr aph . Recor d t he vol ume i nj ect -
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ed . I dent i f y t he peaks by r et ent i on t i me. Conf i r ma-
t i on i s made by measur i ng t he peak ar ea at t wo
di f f er ent wavel engt hs and compar i ng t he r at i o of
t he peak ar eas t o t hat of t he st andar d. Recor d t he
r et ent i on t i me and i nt egr at ed ar ea of any i dent i f i ed
peak . Di l ut e any ext r act cont ai ni ng an i dent i f i abl e
component above t he hi ghest st andar d. The 254- nm

det ect or does not r esol ve some pai r s of compounds .

Det er mi nat i on at anot her wavel engt h, 313 nm, i s

necessar y t o di st i ngui sh bet ween t hese pai r s . For
exampl e, f l uor ene and acenapht hene each absor b at
254 nm and ar e not separ at ed by t he col umn .
Acenapht hene, however , absor bs at 313 nm, wher e-

as f l uor ene does not . The r esponse r at i o of

acenapht hene cal cul at ed at 254 nmand 313 nm i s

l : l ; t her ef or e, bot h peaks ar e anal yzed. Chr ysene

and benzo( a) ant hr acene ar e not cl ear l y di st i ngui sha-

bl e at 254 nm, but ar e at 313 nm. When t hese

compounds ar e det er mi ned at bot h wavel engt hs, i n-

di vi dual cont r i but i ons t o peak ar eas can be det er -

mi ned and concent r at i ons cal cul at ed .

TECHNI QUES OF WATER- RESOURCES I NVESTI GATI ONS

W= wei ght of sampl e det er mi ned i n g expr essed
i n mL ( 1 . 000 mL = 1 . 000 g) .

8 . Repor t

Repor t concent r at i ons of i ndi vi dual PNA' s i n
wat er or wat er - suspended- sedi ment mi xt ur es as f ol -
l ows : l ess t han 1 l ag/ L, as " l ess t han 1 gg/ L" ; 1 t o
10 gg/ L, one si gni f i cant f i gur e; 10 p . g/ L and
gr eat er , t wo si gni f i cant f i gur es .

9. Pr eci si on

Si ngl e- oper at or pr eci si on on seven r epl i cat es and
r ecover y dat a det er mi ned by spi ki ng wat er -
suspended- sedi ment mi xt ur e sampl es wi t h PNA' s
ar e as f ol l ows :

Mean Rel at i ve
concent r at i on st andar d

Concent r at i on r ecover ed devi at i on
t )Compound spi ked ( W9l L) ( k9/ L) ( per ce

7. Cal cul at i ons
Napht hal ene- - - - - - - - - - - - - 1 . 3 0 . 94 6 . 9

7. 1 Cal cul at e t he r esponse f act or of each 2 . 6 1 . 41 20

i dent i f i ed component i n t he cal i br at i on st andar d : Fl uor ene- - - - - - - - - - - - - - - -
5 . 1

. 64

2 . 4

. 47

24

12

A,
1 . 3 . 94 7 . 8

RF= 2. 6 1 . 6 14
C3 XV Acenapht hene - - - - - - - - - - - 2. 8 2 . 01 8 . 5

5 . 50 3 . 6 13

wher e 11 . 6 . 5 18

RF= r esponse f act or of i dent i f i ed component i n
Phenant hr ene- - - - - - - - - - - - . 21 . 15 8 . 3

cal i br at i on st andar d, i n ar ea/ ng,
. 42

. 84

. 36

. 66

6. 3

8. 5
Cs = concent r at i on of st andar d component , i n Ant hr acene - - - - - - - - - - - - - . 052 . 038 3. 9

ng/ gL, . 10 . 076 5 . 1

V= vol ume of st andar d i nj ect ed, i n p. L, and . 21 . 142 7 . 4

A, = i nt egr at ed peak ar ea of i dent i f i ed compo-
Pyr ene - - - - - - - - - - - - - - - - - . 32

. 64

. 28

. 58

2. 8

3 . 4
nent i n cal i br at i on st andar d . 1 . 3 1 . 1 5 . 6

7 . 2 Cal cul at e t he concent r at i on of each i dent i - Fl uor ant hene - - - - - - - - - - - - 1 . 4 1 . 1 3 . 5

f i ed component i n t he or i gi nal wat er sampl e f r om 2 . 8 . 2 . 5 5 . 5

t he equat i on 5 . 5 5 . 0 5 . 1
Benzo( a) ant hr acene - - - - - - - . 43 . 39 3 . 0

A2 XV2 X 1, 000 . 85 . 80 3 . 4

Concent r at i on ( pg/ L) =
'

1 . 7 1 . 6 5 . 5
VXWXRF Benzo( a) pyr ene - - - - - - - - - - . 15 . 13 4 . 8

. 29 . 29 7 . 5

wher e . 58 . 55 5 . 5

RF= r esponse f act or of i dent i f i ed cal i br at i on
Di benz( a, h) ant hr acene- - - - - . 13 . 12 6 . 9

st andar d component , i n ar ea/ ng,
. 26

. 51

. 28

. 50

7 . 4

5 . 0
A2 = i nt egr at ed peak ar ea of i dent i f i ed sampl e Benzo( g, h, i ) per yl ene - - - - - 1 . 6 1 . 4 3 . 0

component , 3 . 2 3 . 2 5 . 8

V2 = f i nal vol ume of sampl e ext r act , i n mL, 6 . 4 6 . 2 4 . 0

V2 = vol ume of sampl e ext r act i nj ect ed, i n gL,
Chr ysene - - - - - - - - - - - - - - - . 64 . 57 5 . 1

1 . 3 1 . 3 5 . 2
and 2 . 6 2 . 3 7 . 2
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Et hyl ene and pr opane, t ot al r ecover abl e, gas

chr omat ogr aphi c, pur ge and t r ap ( 0- 3114- 83)

Par amet er

	

Code

Et hyl ene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 82357

Pr opane - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 82358

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on of
et hyl ene and pr opane i n wat er or wat er - suspended-

sedi ment mi xt ur es cont ai ni ng at l east 0 . 1 l ag/ L of
t he anal yt e . Concent r at i ons hi gher t han 100 gg/ L
may be det er mi ned by anal yzi ng a smal l er al i quot of
t he sampl e .

2.

	

Summar y of met hod
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Sel ect ed r ef er ences

A sampl e i s i nj ect ed i nt o a pur ge vessel and
spar ged wi t h ni t r ogen. The ef f l uent gas st r eam i s
dr i ed and passed t hr ough an al umi na t r ap at

- 95' C, wher e et hyl ene and pr opane ar e adsor bed

by t he al umi na . The t r ap i s heat ed t o desor b gases,
whi ch ar e det er mi ned by gas chr omat ogr aphy usi ng
a f l ame i oni zat i on det ect or .

3. I nt er f er ences

63

Vol at i l e compounds t hat have r et ent i on t i mes si m-

i l ar t o et hyl ene or pr opane on t he anal yt i cal col umn

can i nt er f er e .

4. Appar at us

4 . 1 Adsor pt i on t ube, Pyr ex t ubi ng, 1/ 4 i n od
( out si de di amet er ) : Bend Pyr ex t ubi ng i nt o a U- t ube

appr oxi mat el y 8 i n l ong by 2 i n wi de. Char ge t he

t ube wi t h 5 g act i vat ed al umi na hel d i n pl ace wi t h

pl ugs of gl ass wool .

4 . 2

	

Col d bat h, a Dewar f l ask l ar ge enough t o
accommodat e t he l ower hal f of t he adsor pt i on t ube :

Mai nt ai n t he bat h at - 75 t o - 100° C wi t h ei t her

dr y i ce/ acet one or a r ef r i ger ant pr obe such as t he

Nesl ab CC- 100, or equi val ent .

4 . 3

	

Dr yi ng t ubes, Pyr ex t ubi ng, 1/ 2 i n od by 8
i n l ong: Fi l l t he t ubes wi t h Dr i er i t e hel d i n pl ace wi t h
gl ass- wool pl ugs .

4 . 4 Gas chr omat ogr aph, Tr acor 560, or

equi val ent .

4 . 4 . 1 The f ol l owi ng condi t i ons ar e r ecom-
mended:

Col umn, bor osi l i cat e gl ass, 1 . 8 mx2 mm
i d ( i nsi de di amet er ) oper at ed at 90 ° C, packed wi t h

Por apak N, Q, or QS.

Det ect or , f l ame- i oni zat i on, oper at ed at
250° C.

I nj ect i on por t t emper at ur e, 110 0' C.

Car r i er gas, hel i um, f l ow r at e 30 mL/ mi n .

4 . 5

	

Gas sampl i ng val ve, si x por t , Val co V- 6-

HPa, or equi val ent .

4 . 6 Hot bat h, a heat i ng mant l e f or a 1- L

r ound- bot t om f l ask f i l l ed wi t h sand and power ed by
a var i abl e- vol t age t r ansf or mer : The vol t age i s ad
j ust ed t o mai nt ai n t he sand at appr oxi mat el y 130 ° C.

4 . 7

	

Pur ge vessel : See f i gur e 3 .

4 . 8 Sampl e vi al , gl ass, 40 mL, scr ew cap,
f i t t ed wi t h a Tef l on- l i ned sept um. Pi er ce 13075, or
equi val ent .

4 . 9

	

Syr i nge needl es, 19 gauge, 3 i n l ong .
4 . 10 Syr i nges, t wo syr i nges, 30 mL and 5

mL, gl ass, Luer - Lock, equi pped wi t h st opcocks, Bec-
t on- Di cki nson 3152, or equi val ent .

4 . 11 Syr i nges, gas- t i ght , syr i nges of 1 . 0- ,
2 . 5- , 10- , and 50- mL capaci t i es, Hami l t on, or equi v-
al ent , used f or del i ver y of cal i br at i on gas and
equi pped pr ef er abl y wi t h si depor t needl es .

4 . 12

	

Tef l on t ubi ng, 1A i n od, used f or t he con-
nect i ng l i nes .
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about 1 i nch out si de di amet er

gl ass t ubi ng

Dr ai n

Tef l on st opcock

Ni t r ogen i nl et

' / a i nch out si de di amet er

Sept um

' / a X/ 4 i nch

Swagel ok uni on

Medi um- por osi t y

gl ass f r i t

E-

	

' / a i nch out si de di amet er

about 10 i nches



5 . Reagent s

6 . Pr ocedur e

- Fi gur e 3. - Pur ge vessel .
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5 . 1

	

Al umi na, neut r al al umi numoxi de, act i vi -

t y gr ade I , Woel m, or equi val ent .

5 . 2

	

Cal i br at i on gas, a cer t i f i ed gas mi xt ur e

cont ai ni ng 10 ppm each of et hyl ene and pr opane i n

ni t r ogen: The r egul at or val ve must be equi pped wi t h

a st ai nl ess st eel di aphr agm. Equi p t he out l et f r om

t he r egul at or wi t h an i nj ect i on sept um t o f aci l i t at e

wi t hdr awal of al i quot s of cal i br at i on gas wi t h a gas-

t i ght syr i nge .

5 . 3 Dr yi ng agent , i ndi cat i ng Dr i er i t e, 8-

mesh : Anhydr ous magnesi umper chl or at e ( gr anul ar )

i s al so sui t abl e .

Sampl es ar e t o be col l ect ed i n vi al s cont ai ni ng 1

mL f or mal i n as a pr eser vat i ve and i n a manner t hat

pr ecl udes headspace f or mat i on . Sampl es need not be

r ef r i ger at ed si nce f or mal i n pr event s bact er i al de-

composi t i on f or at l east 3 weeks, and pr obabl y l ong-

er . Rapi d l oss of et hyl ene and pr opane wi l l occur i f

t he pr eser vat i ve i s omi t t ed .

6 . 1

	

Adj ust t he f l ow of hydr ogen and ai r t o t he

f l ame- i oni zat i on det ect or t o achi eve a l i near r e-

sponse f r om 1 t o 100 ng of et hyl ene and pr opane .

6 . 2 Set t he f l ow of ni t r ogen t hr ough t he

pur gi ng vessel at 30 t o 35 mL/ mi n . Thi s i s conve-

ni ent l y measur ed at t he out l et por t of t he gas- sam-

pl i ng val ve ( see f i g. 4) .

6 . 3

	

Pl ace t he adsor pt i on t ube i n t he col d bat h

and set t he gas- sampl i ng val ve as shown i n f i gur e 4 .

6 . 4

	

Cal i br at i on pr ocedur e :

6 . 4 . 1 I nj ect an al i quot of cal i br at i on gas

mi xt ur e i nt o t he pur gi ng vessel usi ng a gas- t i ght

syr i nge .

6 . 4 . 2

	

St ar t t he t i mer and al l ow 12 mi n f or

compl et e adsor pt i on of et hyl ene and pr opane by t he

al umi na t r ap . NOTE: The mi ni mumt i me r equi r ed t o

compl et el y st r i p t he gases depends on t he dead vol -

ume of t he syst em ( pur gi ng vessel , dr yi ng t ube, ad-

sor pt i on t ube, and connect i ng l i nes) and t he f l ow

t hr ough i t .

6 . 4 . 3 Tur n t he gas sampl i ng val ve t o t he

posi t i on t hat conduct s t he f l ow f r om t he adsor pt i on

t ube i nt o t he anal yt i cal col umn of t he gas chr o

mat ogr aph . I mmedi at el y pl ace t he adsor pt i on t ube

i n t he hot bat h and begi n di gi t al peak i nt egr at i on .

Recor d i nt egr at ed peak ar eas .

6 . 4 . 4

	

Repeat st eps 6 . 4 . 1 t hr ough 6 . 4 . 3 f or

as many ot her al i quot s of cal i br at i on gas mi xt ur e as

i s necessar y t o cover t he expect ed r ange of t he sam-

pl es .

6 . 5

	

Sampl e anal ysi s :

6 . 5 . 1

	

Open a sampl e vi al and f i l l a 30- mL

gl ass syr i nge by cl osi ng t he st opcock and pour i ng

t he sampl e gent l y i nt o t he bar r el . Do not at t empt t o

f i l l t he syr i nge by suct i on.

6 . 5 . 2 I nt r oduce 10 mL of sampl e i nt o t he

pur gi ng vessel t hr ough t he i nj ect i on por t .

6 . 5 . 3

	

St ar t t he t i mer and al l ow t he sampl e

t o be pur ged f or 12 mi n ( see NOTE above) .

6 . 5 . 4 Tur n t he gas sampl i ng val ve t o t he

posi t i on t hat conduct s t he f l ow f r om t he adsor pt i on

t ube i nt o t he anal yt i cal col umn of t he gas chr o

mat ogr aph. I mmedi at el y pl ace t he adsor pt i on t ube

i n t he hot bat h and begi n di gi t al peak i nt egr at i on .

Recor d i nt egr at ed peak ar eas .

6 . 5 . 5

	

Dr ai n t he sampl e f r om t he st r i ppi ng

chamber whi l e gas chr omat ogr aphi c det er mi nat i on

pr oceeds .

7 . Cal cul at i ons

7 . 1

	

Cor r ect i on f or cal i br at i on gas :

7 . 1 . 1

	

The cal i br at i on gas i s 10 ppmby vol -

ume . Thi s must be cor r ect ed t o gi ve t he cor r espond-

i ng concent r at i on by wei ght .

7 . 1 . 2

	

For 1 mL of 10 ppm cal i br at i on gas,

t he vol ume of et hyl ene and pr opane i s 1 . 0 x 10 - 5 mL

each .

7 . 1 . 3 Appl yi ng t he i deal gas l aw at st an-

dar d t emper at ur e and pr essur e ( STP) wher e 1 mol e

of gas occupi es 22 . 4 L,

N, TIP2V2
N2 T9P1V1

wher e

N1 = 1 . 0 mol e,

N2 = number of mol es et hyl ene or pr opane,

T1 = 273° K ( STP) ,

P1 = 760 mmHg ( STP) ,

V1 = 22, 400 mL ( vol ume of 1 mol e gas at STP) ,

T2 = act ual t emper at ur e, i n ° K,

P2 = act ual at mospher e pr essur e, i n mmHg, and

V2 = 1 . 0 x 10 - 5 mL ( vol ume of et hyl ene or pr o-

pane i n 1 . 0 mL of cal i br at i on gas) .
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7. 2

	

For ei t her et hyl ene or pr opane, cal cul at e

t he concent r at i on of et hyl ene or pr opane per mL of

cal i br at i on gas f r omt he f ol l owi ng equat i on :

N, xMWx 106

V3

wher e

W= concent r at i on of et hyl ene or pr opane i n

cal i br at i on gas, i n l ag/ mL,

Gas chr omat ogr aph

equi pped wi t h

f l ame- i oni zat i on det ect or

Fi gur e 4. - St r i ppi ng and gas chr omat ogr aphi c syst em i n t he st r i ppi ng mode .

Si x- por t
val ve ( sampl i ng

val ve)

	

Vent ( out l et por t )

V3 = vol ume of cal i br at i on gas, i n mL,

N, = number of mol es of et hyl ene or pr opane,

and

MW= mol ecul ar wei ght of et hyl ene or pr opane,

i n g/ mol e.

7. 3

	

Cal cul at e t he r esponse f act or f or t he cal i -

br at i on cur ve f r om t he f ol l owi ng equat i on :

RI P=
A,

WXV4

St r i p char t r ecor der

and i nt egr at or
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wher e

RF = r esponse f act or of et hyl ene or pr opane, i n-

ar ea/ gg,

A, = i nt egr at ed peak ar ea of st andar d,

V4 = vol ume of cal i br at i on gas i nj ect ed, i n mL,

and

W= concent r at i on of et hyl ene or pr opane cal i -

br at i on gas, i n l ag/ mL .

7 . 4

	

The concent r at i on of et hyl ene or pr opane

i n t he sampl e i s cal cul at ed f r om t he f ol l owi ng equa-

t i on :

Concent r at i on ( gg/ L) =
A2 x 1, 000

RFx V5

wher e

A2 = i nt egr at ed peak ar ea of et hyl ene or pr o-

pane,

RF= r esponse f act or of et hyl ene or pr opane, i n

ar ea/ gg, and

V5 = vol ume of sampl e i nj ect ed, i n mL.

8. Repor t

Repor t concent r at i on of et hyl ene and ( or ) pr opane

as f ol l ows : concent r at i ons l ess t han 0 . 1 I gg/ L, as

" l ess t han 0 . 1 Fi g/ L" ; 0 . 1 t o 1 . 0 gg/ L, one deci mal ;

1 . 0 l ag/ L and above, t wo si gni f i cant f i gur es .

9. Pr eci si on

Sol ut i ons of et hyl ene and pr opane wer e pr epar ed

i n dei oni zed wat er and st or ed i n sampl e vi al s ( st ep

4 . 8) cont ai ni ng 1 mL f or mal i n as pr eser vat i ve . Rep-

l i cat es wer e pr epar ed t o cover t he concent r at i on

r ange of t he met hod . Al l of t he sampl es wer e ana-
l yzed wi t hi n 3 weeks of pr epar at i on. Si ngl e- oper at or

pr eci si on i s as f ol l ows :

Sel ect ed r ef er ence

6 7

Shul t z, D. J. , Pankow, J . F . , Tai , D. Y . , St ephens, D. W. , and Rat h-

bun, R. E. , 1976, Det er mi nat i on, st or age, and pr eser vat i on of

l ow mol ecul ar wei ght hydr ocar bon gases i n aqueous sol ut i on:

U. S . Geol ogi cal Sur vey Jour nal of Resear ch, v . 4, p.

247- 251 .

Pur geabl e or gani c compounds, t ot al

r ecover abl e, gas chr omat ogr aphi c/ mass

spect r omet r i c, pur ge and t r ap ( 0- 3115- 83)

Par amet er

	

Code

Chl or omet hane- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34418

Br omomet hane- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34413

Vi nyl chl or i de - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 39175

Chl or oet hane - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34311

Met hyl ene chl or i de - - - - - - - - - - - - - - - - - - - - - - - - - - - 34423

1, 1- Di chl or oet hene - - - - - - - - - - - - - - - - - - - - - - - - - - - 34501

1, 1- Di chl or oet hane - - - - - - - - - - - - - - - - - - - - - - - - - - - 34496

Tr ans- 1, 2- Di chl or oet hene- - - - - - - - - - - - - - - - - - - - - - 34546

Chl or of or m - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 32106

1, 2- Di chl or oet hane - - - - - - - - - - - - - - - - - - - - - - - - - - - 32103

1, 1, 1- Tr i chl or oet hane - - - - - - - - - - - - - - - - - - - - - - - - - 34506

Car bon t et r achl or i de- - - - - - - - - - - - - - - - - - - - - - - - - - 32102

Br omodi chl or omet hane- - - - - - - - - - - - - - - - - - - - - - - - 32101

1, 2- Di chl or opr opane - - - - - - - - - - - - - - - - - - - - - - - - - - 34541

Tr ans- 1, 3- Di chl or opr opene - - - - - - - - - - - - - - - - - - - - - 34699

Tr i chl or oet hene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 39180

Di br omochl or omet hane- - - - - - - - - - - - - - - - - - - - - - - - 32105

Benzene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34030

1, 1, 2- Tr i chl or oet hane - - - - - - - - - - - - - - - - - - - - - - - - - 34511

Ci s- 1, 3- Di chl or opr opene - - - - - - - - - - - - - - - - - - - - - - - 34704

2- Chl or oet hyl vi nyl et her - - - - - - - - - - - - - - - - - - - - - - - 34576

Br omof or m - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 32104

1, 1, 2, 2- Tet r achl or oet hane- - - - - - - - - - - - - - - - - - - - - - 34516

Tet r achl or oet hene- - - - - - - - - - - - - - - - - - - - - - - - - - - - 34475

Tol uene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34010

Chl or obenzene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34301

Et hyl benzene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34371

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on of
pur geabl e or gani c compounds i n wat er and wat er -

suspended- sedi ment mi xt ur es cont ai ni ng at l east 3

wg/ L of a r epor t abl e anal yt e .

2. Summar y

Awat er sampl e i s pur ged wi t h hel i um. The pur ge-

abl e or gani c compounds ar e car r i ed wi t h hel i umand

t r apped on a por ous pol ymer t r ap . The t r apped com-

pounds ar e t her mal l y desor bed i nt o t he gas chr o-
mat ogr aph. These compounds ar e separ at ed by gas

chr omat ogr aphy ( GC) and det ect ed by mass spec-
t r omet r y ( MS) .

Concent r at i on of
et hyl ene

( Pg1L)

Number of
r epl i cat es

St andar d
devi at i on

Rel at i ve
st andar d devi at i on

( per cent )

0 . 072- - - - - 7 0 . 002 2 . 8

. 198- - - - - 12 . 006 3 . 0
1 . 69- - - - - - 11 . 04 2 . 4
8 . 38- - - - - - 12 . 10 1 . 2

16 . 0- - - - - - - 12 . 20 1 . 3

35 . 1- - - - - - - 12 . 6 1 . 7

82 . 4- - - - - - - 11 2 . 1 2 . 5
132 - - - - - - - - 11 3 . 0 2 . 3

Concent r at i on of
pr opane
( pgl L)

Number of
r epl i cat es

St andar d
devi at i on

Rel at i ve
st andar d devi at i on

( per cent )

0 . 099 - - - 7 0 . 004 4 . 0

. 257 - - - 12 . 015 5 . 8
2. 52 - - - - 11 . 05 2 . 0

12. 9 - - - - - 12 . 4 3 . 1
24. 5 - - - - - 12 . 4 1 . 6

53. 5 - - - - - 12 . 9 1 . 7

110 - - - - - 11 2 . 6 2 . 4

171 - - - - - 11 4 . 0 2 . 3
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3 . I nt er f er ences

3 . 1

	

Any pur geabl e compound t hat el ut es at a
r et ent i on t i me si mi l ar t o t hat of t he anal yt e and
pr oduces an i on t hat i s t he same as t he quant i t at i on
i on of t he anal yt e i s a pot ent i al i nt er f er ence . Com-
mon l abor at or y sol vent s such as met hyl ene chl or i de,

benzene, and chl or of or mmay cont ami nat e t he sam-
pl e and gi ve er r oneous r esul t s .

3 . 2

	

Speci al handl i ng of sampl es, such as st or -
age i n a dessi cat or over act i vat ed char coal , may be
r equi r ed t o pr event cont ami nat i on by common l abo-
r at or y sol vent s .

4. Appar at us

4 . 1 Gas chr omat ogr aph/ mass spect r ome-

t er / dat a syst em, Fi nni gan 3223, or equi val ent .
4 . 1 . 1

	

Gas chr omat ogr aphi c col umn, bor o-
si l i cat e gl ass, 1 . 8 mx 2 mmi d ( i nsi de di amet er ) t hat
has been deact i vat ed and packed wi t h 1 per cent SP-
1000 coat ed on 60/ 80 mesh Car bopack B, or equi va-

l ent .

4 . 1 . 2

	

Gas chr omat ogr aphi c condi t i ons : GC

condi t i ons need t o be opt i mi zed f or each syst em. Use
t he pur geabl e st andar ds ( see st ep 5 . 3) t o adj ust con
di t i ons t o obt ai n good peak separ at i on i n a r eason-

abl e amount of t i me . The f ol l owi ng condi t i ons shoul d

ser ve as a st ar t i ng poi nt f or t he opt i mi zat i on pr o-

cess :

I nj ect or t emper at ur e- - - - - 200oC

Car r i er gas f l ow ( He) - - - - 20 mL/ mi n

I ni t i al hol d t emper at ur e - - 45° C

I ni t i al hol d t i me - - - - - - - - 4 mi n

Pr ogr amr at e - - - - - - - - - - 8° C/ mi n

Fi nal t emper at ur e- - - - - - - 21WCC

Fi nal hol d t i me - - - - - - - - - To end of dat a acqui si t i on

4 . 1 . 3 Mass spect r omet er condi t i ons : Ana-

l yze t he mass r ange 35- 260 amu ( at omi c mass
uni t s) wi t h a nomi nal el ect r on ener gy set t i ng of 70
eV at a scan r at e suf f i ci ent t o obt ai n a mi ni mumof 5
scans per chr omat ogr aphi c peak .

4 . 2 Pur ge and t r ap devi ce, Chemi cal Dat a
Syst ems model 310, or equi val ent : The t r ap i s
packed wi t h t he f ol l owi ng adsor bent s : 1 cm met hyl

si l i cone coat ed packi ng ( 3 per cent SP- 2100 on 80-

mesh Supel copor t , or equi val ent ) , f ol l owed by 15 cm

Tenax, and endi ng wi t h 8 cm si l i ca gel ( Davi son

gr ade 15) , or equi val ent . The si l i ca gel may be r e-

pl aced by 5 cm of Amber sor b r esi n ( Rohm and

Haas) . New t r aps ar e condi t i oned by heat i ng over -

ni ght at 240' Cwi t h hel i um f l ow ( 20 mL/ mi n) .

4 . 3

	

Syr i nge, gas- t i ght , 10 mL, equi pped wi t h
a Tef l on syr i nge val ve and a 3- i n x 19- gauge needl e .
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5. Reagent s

5 . 1 BFB ( 4- Br omof l uor obenzene) sol ut i on:

Fi l l a 50- mL vol umet r i c f l ask t o t he mar k wi t h
met hanol and add a 1 . 0- pL capi l l ar y pi pet f i l l ed wi t h
BFB t o t he vol umet r i c f l ask. Thi s sol ut i on cont ai ns
32 ng BFB per gL .

5 . 2

	

Met hanol , pest i ci de anal ysi s qual i t y, Bur -
di ck and Jackson, or equi val ent .

5 . 3

	

Pur geabl e mi xed st andar ds, EPA anal yt -
i cal r ef er ence gr ade or hi ghest pur i t y avai l abl e :
Pur geabl e st andar ds may be pur chased f r omvar i ous
commer ci al sour ces or pr epar ed f r om pur e com-
pounds . To pr epar e pur geabl e mi xed st andar ds, f i l l a
50- mL vol umet r i c f l ask t o t he mar k wi t h met hanol
and, f or each desi r ed component , add a 1 . 0- gL capi l -
l ar y pi pet f i l l ed wi t h t he aut hent i c mat er i al t o t he
vol umet r i c f l ask . Mi x t hor oughl y and st or e at 4' C.
Cal cul at e t he concent r at i on of each anal yt e f r om i t s
densi t y .

5 . 4 Sur r ogat es/ i nt er nal st andar d sol ut i on,

br omochl or omet hane ( EPA, or equi val ent ) , 1- br omo-
2- chl or oet hane ( EPA, or equi val ent ) , per deut er

obenzene ( Pf al t z and Bauer , or equi val ent ) , and

f l uor obenzene ( t he i nt er nal st andar d, Al dr i ch Chem-
i cal Co . , or equi val ent ) . Add a 1 . 0- gL capi l l ar y pi pet

f i l l ed wi t h each component t o a 50- mL vol umet r i c
f l ask f i l l ed t o t he mar k wi t h met hanol . Mi x t hor -
oughl y and st or e at 4° C. Add 5 gL t o each sampl e,
st andar d, and bl ank t o moni t or r ecover y and t o pr o-

vi de an i nt er nal st andar d.

5 . 5

	

Wat er , or gani c- f r ee .

6. Pr ocedur e

6 . 1

	

Condi t i on t he t r ap at 220' C f or 10 mi n .

6 . 2

	

Mass spect r omet er t uni ng :

6 . 2 . 1 Use per f l uor ot r i but yl ami ne t o t une

t he mass spect r omet er i n a manner t hat r esul t s i n a

sat i sf act or y cal i br at i on of mass assi gnment s as wel l

as agr eement wi t h t he cr i t er i a l i st ed i n st ep 6 . 2 . 2 .

6 . 2 . 2

	

Set t he MS t o scan t he mass r ange 35

t o 260 amu . Set t he GC col umn t emper at ur e t o

220- 230° C i sot her mal . I nt r oduce 50 ng of BFB ( 1 . 6

pL of sol ut i on, st ep 5 . 1) by di r ect , on- col umn i nj ec-

t i on or by pur gi ng f r om 5 mL of r eagent wat er .

Obt ai n a backgr ound cor r ect ed mass spect r um of

BFB and ver i f y t hat al l of t he f ol l owi ng cr i t er i a ar e

met :

Mass

	

I on abundance cr i t er i a

50 - - - - - - - - - - - - - - - - - - - - - - - - - - 15 t o 40 per cent of mass 95

75 - - - - - - - - - - - - - - - - - - - - - - - - - - 30 t o 60 per cent of mass 95

95 - - - - - - - - - - - - - - Base peak, 100 per cent r el at i ve abundance

96 - - - - - - - - - - - - - - - - - - - - - - - - - - - - 5 t o 9 per cent of mass 95
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Mass

	

I on abundance cr i t er i a

173- - - - - - - - - - - - - - - - - - - - - - - - - - - - - <2per cent of mass 174

174- - - - - - - - - - - - - - - - - - - - - - - - - - - - - >50 per cent of mass 95

175 - - - - - - - - - - - - - - - - - - - - - - - - - - - 5 t o 9 per cent of mass 174

176 - - - - - - - - - - - - - >95 per cent but < 101 per cent of mass 174

177- - - - - - - - - - - - - - - - - - - - - - - - - - - 5t o9per cent of mass 176

6 . 3

	

Bl ank anal ysi s :

6 . 3 . 1 Remove t he pl unger f r om a 10- mL

syr i nge and at t ach a cl osed syr i nge val ve and nee-

dl e. Open t he sampl e vi al and car ef ul l y pour t he

wat er i nt o t he bar r el of t he syr i nge unt i l i t over -

f l ows . Repl ace t he syr i nge pl unger , open t he syr i nge

val ve, and vent any ai r pr esent . Adj ust t he pl unger

t o t he 10 . 0- mL mar k. Add 10 gL of t he sur r o-

gat e/ i nt er nal st andar d sol ut i on t hr ough t he val ve,

cl ose t he syr i nge val ve, and mi x .

6 . 3 . 2 Tr ansf er 5 . 0 mL wat er i nt o a cl ean

pur ge t ube . Cl ose t he syr i nge val ve and r et ai n t he

second 5 . 0- mL al i quot of wat er f or f ut ur e anal ysi s,

i f needed. The second al i quot i s pr eser ved i n t hi s

manner si nce t he i nt egr i t y of t he or i gi nal wat er

sampl e i s dest r oyed af t er i t i s opened .

6 . 3 . 3

	

Pur ge f or 11 mi n.

6 . 3 . 4 I mmedi at el y begi n t he desor b cycl e

and dat a acqui si t i on when pur gi ng i s compl et e .

6 . 3 . 5 Begi n t he t emper at ur e pr ogr am of

t he GC oven i mmedi at el y upon compl et i on of t he
desor b cycl e .

6 . 3 . 6 I ni t i at e t he t r ap bakeout when dat a
acqui si t i on has ended .

6 . 3 . 7

	

Al l ow t he t r ap t o cool t o r oom t em-
per at ur e and r et ur n t he GC oven t emper at ur e t o
45' C f or t he next anal ysi s.

6 . 3 . 8 Anal yze t he mass spect r al dat a f or

t he t hr ee sur r ogat es and t he i nt er nal st andar d . Rec-

or d t he i nt egr at ed ar ea of t he quant i t at i on i on f or
each .

6 . 3 . 9 Exami ne t he mass spect r al dat a t o
ver i f y t hat t he anal yt i cal syst em i s f r ee f r om con-

t ami nat i on .

6 . 4 Cal i br at i on:

6 . 4 . 1 Remove t he pl unger f r om a 10- mL
syr i nge and at t ach a cl osed syr i nge val ve and nee-
dl e . Open t he sampl e vi al and car ef ul l y pour t he
or gani c- f r ee wat er i nt o t he bar r el of t he syr i nge
unt i l i t over f l ows . Repl ace t he syr i nge pl unger , open
t he syr i nge val ve, and vent any ai r pr esent . Adj ust
t he pl unger t o t he 10 . 0- mL mar k. Add 10 gL of
sur r ogat e/ i nt er nal st andar d sol ut i on . Al so add 10
gL of pur geabl e st andar d sol ut i on . Cl ose t he syr i nge
val ve, and mi x .
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6 . 4 . 2 Tr ansf er 5 . 0 mL wat er i nt o a cl ean

pur ge t ube. Cl ose t he syr i nge val ve and r et ai n t he

second 5 . 0- mL al i quot of sampl e f or f ut ur e anal ysi s,

i f needed . The second al i quot i s pr eser ved i n t hi s

manner si nce t he i nt egr i t y of t he or i gi nal wat er

sampl e i s dest r oyed af t er i t i s opened .

6 . 4 . 3

	

Per f or m t he anal ysi s as descr i bed i n

st eps 6 . 3 . 3 t hr ough 6 . 3 . 8 .

6 . 4 . 4

	

Compar e t he r ecover y of t he sur r o-

gat es i n t he pur geabl e st andar d wi t h t hat obser ved

i n t he bl ank . Devi at i ons of mor e t han ± 30 per cent

f r omt heor et i cal ar e an i ndi cat i on of a pr obl em ( e . g . ,

l eakage i n t he pur ge and t r ap devi ce) t hat needs t o

be cor r ect ed bef or e pr oceedi ng f ur t her .

6 . 4 . 5

	

Pr ocess t he dat a f r om t he pur geabl e

st andar d and r ecor d t he i nt egr at ed ar ea of t he quan-

t i t at i on i on of each component as wel l as i t s r et en-

t i on t i me .

6 . 4 . 6

	

Repeat st eps 6 . 4 . 2 t hr ough 6 . 4 . 5 wi t h

as many ot her vol umes of t he pur geabl e st andar d

sol ut i on as ar e necessar y t o def i ne t he wor ki ng

r ange of t he anal yt i cal syst em.

6 . 5

	

Sampl e anal ysi s :

6 . 5 . 1 Al l ow t he wat er sampl e t o come t o

r oomt emper at ur e .

6 . 5 . 2 Remove t he pl unger f r om a 10- mL
syr i nge and at t ach a cl osed syr i nge val ve and nee-

dl e . Open t he sampl e vi al and car ef ul l y pour t he

sampl e i nt o t he bar r el of t he syr i nge unt i l i t over -

f l ows . Repl ace t he syr i nge pl unger , open t he syr i nge
val ve, and vent any ai r pr esent . Adj ust t he pl unger
t o t he 10 . 0- mL mar k . Add 10 p. L of t he sur r o-
gat e/ i nt er nal st andar d sol ut i on . Cl ose t he syr i nge

val ve, and mi x .

6 . 5 . 3 Tr ansf er 5 . 0 mL of sampl e i nt o a
cl ean pur ge t ube . Cl ose t he syr i nge val ve and r et ai n
t he second 5 . 0- mL al i quot of sampl e f or f ut ur e anal
ysi s, i f needed . The second al i quot i s pr eser ved i n
t hi s manner si nce t he i nt egr i t y of t he or i gi nal wat er
sampl e i s dest r oyed af t er i t i s opened .

6 . 5 . 4

	

Per f or m t he anal ysi s as descr i bed i n
st eps 6 . 3 . 3 t hr ough 6 . 3 . 8 .

6 . 5 . 5

	

Compar e t he r ecover y of t he sur r o-
gat es i n t he sampl e wi t h t hat obser ved i n t he bl ank
( st ep 6 . 3 . 8) . I f t he r ecover y i s not i n t he r ange of 70
t o 130 per cent , t he sampl e shoul d be r eanal yzed .

6 . 5 . 6

	

Exami ne al l of t he mass spect r al dat a
f r om t he sampl e . I dent i f y anal yt es by a l i br ar y
sear ch wi t h a sat i sf act or y mat ch er r or . Posi t i ve
i dent i f i cat i on i s obt ai ned when ( 1) t he r et ent i on t i me
i s wi t hi n 5 per cent of t he aut hent i c mat er i al i n t he
pur geabl e st andar d ( st ep 6 . 4 . 5) , and ( 2) t hr ee of t he
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char act er i st i c i ons of t he anal yt e maxi mi ze
wi t hi n ± 1 scan of each ot her .

6 . 5 . 7

	

I nt egr at e and r ecor d t he ar ea under
t he quant i t at i on i on f or each anal yt e i dent i f i ed i n
st ep 6 . 5 . 6 . I f t he ar eas ar e gr eat er t han t he cal i br a
t i on r ange of t he anal yt i cal syst em, t he sampl e
needs t o be r eanal yzed usi ng a smal l er vol ume of
sampl e . I t may be necessar y t o add addi t i onal i nt er -
nal st andar d f or smal l er sampl e vol umes .

6 . 5 . 8

	

I f ver y hi gh l evel s of anal yt es or con-
t ami nant s ar e f ound i n a sampl e, anal yze a bl ank t o
demonst r at e no car r yover .

7 . Cal cul at i ons

7 . 1

	

Ext er nal st andar d met hod :

7 . 1 . 1 Cal cul at e a r esponse f act or f or an

anal yt e ( st ep 6 . 4 . 5) accor di ng t o t he equat i on

A
RF=

CxV,

wher e

RF= r esponse f act or of anal yt e, i n ar ea/ ng,

C= concent r at i on of anal yt e i n pur geabl e st an-

dar d, i n ng/ gL,

V=vol ume of pur geabl e st andar d anal yzed, i n

gL, and

A = ar ea of quant i t at i on i on of anal yt e .

7 . 1 . 2 Cal cul at e t he concent r at i on of t he

anal yt e i n t he or i gi nal wat er sampl e f r omt he equa-

t i on

Concent r at i on ( gg/ L) =
AS

Vx RF

wher e

AS = ar ea of quant i t at i on i on of anal yt e i n sam-

pl e,

VS = vol ume of or i gi nal wat er sampl e anal yzed,

i n mL, and

RF= r esponse f act or of anal yt e, i n ar ea/ ng .

7 . 1 . 3 Cal cul at e t he per cent r ecover y of

each sur r ogat e added t o t he wat er sampl e f r omt he

equat i on

Recover y ( Per cent ) _:
A1

A2
x 100,

wher e
A1= ar ea of quant i t at i on i on of sur r ogat e i n

wat er sampl e, and

A2 = ar ea of quant i t at i on i on of sur r ogat e added

t o bl ank .

7 . 2

	

I nt er nal st andar d met hod :

7 . 2 . 1 Cal cul at e t he r esponse f act or of an
anal yt e ( st ep 6 . 4 . 5) i n t he pur geabl e st andar d f r om
t he equat i on

wher e

RF= r esponse f act or of anal yt e, i n ar ea/ ng,
AS = ar ea of quant i t at i on i on of anal yt e, and
CS = amount of anal yt e i n pur geabl e st andar d, i n

ng.

7 . 2 . 2

	

Cal cul at e t he r esponse f act or of t he
i nt er nal st andar d ( st ep 6 . 4 . 5) i n t he pur geabl e st an-
dar d f r omt he equat i on

RFI =
Al i

Ch

wher e

RFI = r esponse f act or of i nt er nal st andar d i n

pur geabl e st andar d, i n ar ea/ ng,

AI , = ar ea of quant i t at i on i on of i nt er nal st an-
dar d i n. pur geabl e st andar d, and

CI , = amount of i nt er nal st andar d i n sur r ogat e

and i nt er nal st andar d sol ut i on, i n ng.

7 . 2 . 3 Cal cul at e a r el at i ve r esponse f act or
f r omt he equat i on

RF
RRF =

RFI

wher e

RRF= r el at i ve r esponse f act or of anal yt e,

RF = r esponse f act or of anal yt e det er mi ned

( st ep i ' . 2 . 1) , and

RFI =r esponse f act or of anal yt e i nt er nal st an-

dar d det er mi ned ( st ep 7 . 2 . 2) .

7 . 2 . 4 Cal cul at e t he concent r at i on of an
anal yt e i n t he or i gi nal wat er sampl e f r omt he equa-
t i on

AxCl 2
Concent r at i on ( pg/ L) =

RRFxAI 2 x V P

wher e

A = ar ea of quant i t at i on i on of anal yt e i n ana-

l yzed sampl e,

CI 2 = amount of i nt er nal st andar d i n sur r ogat e

sol ut i on, i n ng,

RRF= r el at i ve r esponse f act or det er mi ned ( st ep

7 . 2 . 3) ,



AI , = ar ea of quant i t at i on i on of i nt er nal st an-
dar d i n anal yzed sampl e ( st ep 6 . 5 . 9) ,

and

V= vol ume of or i gi nal wat er sampl e anal yzed,

i n mL .

7 . 2 . 5 Cal cul at e t he per cent r ecover y of

each sur r ogat e added t o t he wat er sampl e f r om t he

equat i on

wher e

A, = ar ea of quant i t at i on i on of sur r ogat e added

t o wat er sampl e, and

A2 = ar ea of quant i t at i on i on of sur r ogat e added

t o bl ank.

8. Repor t

9. Pr eci si on
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Recover y ( Per cent ) =
A1

A2

x 100,

Repor t concent r at i ons of pur geabl e or gani c com-

pounds i n wat er or wat er - suspended- sedi ment mi x-

t ur es as f ol l ows : l ess t han 3 wg/ L, as " l ess t han 3
gg/ L" ; 3 . 0 wg/ L and above, t wo si gni f i cant f i gur es .

Pr eci si on dat a ar e not avai l abl e .

Sel ect ed r ef er ences

Goer l i t z, D. F. , 1976, Det er mi nat i on of vol at i l e or ganohal i des i n

wat er and t r eat ed sewage ef f l uent s: U. S. Geol ogi cal Sur vey

Open- Fi l e Repor t 76- 610, 14 p.

U. S . Envi r onment al Pr ot ect i on Agency, 1979, Pur geabl es-

Met hod 624 : Feder al Regi st er , v. 44, no. 233, p. 69532 .

Aci d ext r act abl e compounds, t ot al r ecover abl e,

gas chr omat ogr aphi c/ mass spect r omet r i c

( 0- 3117- 83)

Par amet er

	

Code

4- Chl or o- 3- met hyl phenol - - - - - - - - - - - - - - - - - - - - - - 34452

2- Chl or ophenol - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34586

2, 4- Di chl or ophenol - - - - - - - - - - - - - - - - - - - - - - - - - - - 34601

2, 4- Di met hyl phenol - - - - - - - - - - - - - - - - - - - - - - - - - - 34606

4, 6- Di ni t r o- 2- met hyl phenol - - - - - - - - - - - - - - - - - - - - 34657

2, 4- Di ni t r ophenol - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34616

2- Ni t r ophenol - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34591

4- Ni t r ophenol - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34646

Pent achl or ophenol - - - - - - - - - - - - - - - - - - - - - - - - - - - 39032

Phenol - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34694

2, 4, 6- Tr i chl or ophenol - - - - - - - - - - - - - - - - - - - - - - - - - 34621

8- Met hyl decanoi c aci d- - - - - - - - - - - - - - - - - - - - - - - - - 76992

Undecanoi c aci d - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 77648

1 . Appl i cat i on
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Thi s met hod i s sui t abl e f or t he det er mi nat i on of

aci d ext r act abl e compounds i n wat er and wat er -

suspended- sedi ment mi xt ur es cont ai ni ng at l east

3- 5 pg/ L of t he anal yt e .

2. Summar y

Aci di c or gani c compounds ar e ext r act ed f r om

wat er and wat er - suspended- sedi ment mi xt ur es wi t h
met hyl ene chl or i de. The ext r act i s concent r at ed and

subj ect ed t o anal ysi s by gas chr omat ogr aphy ( GC)

usi ng a f l ame- i oni zat i on det ect or ( FI D) or a mass

spect r omet r i c ( MS) det ect or .

3. I nt er f er ences

Compounds havi ng chemi cal and physi cal pr oper -

t i es si mi l ar t o t he compounds of i nt er est may i nt er -

f er e.

4. Appar at us

4 . 1 Boi l i ng chi p, mi cr o, car bon chi ps : Ri nse

wi t h hexane, ai r dr y, and heat at 300 ° C over ni ght .
Tr eat wi t h 5 per cent aqueous sul f ur i c aci d f or 5 mi n .
Ri nse wi t h dei oni zed wat er unt i l t he wast ewat er i s
neut r al t o pH paper . Heat at 130° C over ni ght .

4 . 2 Concent r at or , Kuder na- Dani sh ( K- D) ,

500- mL, al l gl ass, wi t h gr ound- gl ass j oi nt s, a 10 . 0-

mL r ecei ver , and a one- bal l Snyder col umn.

4 . 3 Evapor at i ve concent r at or , Or ganoma-

t i on N- Evap, or equi val ent : Wat er bat h must be
mai nt ai ned at 50° t o 55° C.

4 . 4 Gas chr omat ogr aph/ mass spect r ome-

t er / dat a syst em, Hewl et t - Packar d 5985B GC/ MS
( gas chr omat ogr aph/ mass spect r omet er ) , or equi va
l ent : The gas chr omat ogr aph i s used wi t h one of t he
f ol l owi ng opt i ons :

4 . 4 . 1 Col umn, f used si l i ca capi l l ar y col -

umn, 25 mx 0 . 20 mmi d ( i nsi de di amet er ) , SE- 54

bonded col umn, 0 . 33- gm f i l mt hi ckness .

Det ect or , mass spect r omet er .

I nj ect i on t emper at ur e, 260' C.

Car r i er gas, 1 mL/ mi n, hel i um.

Tr ansf er l i ne t emper at ur e, 285' C.

Mode, spl i t l ess i nj ect i on .

Pr ogr am r at e, 45' t o 300' C, 2 . 5- mi n i ni -
t i al hol d, 6° C/ mi n, 15- mi n f i nal hol d .

4 . 4 . 2 Col umns, t wo f used si l i ca capi l l ar y
col umns, 25 mx 0 . 20 mmi d, SE- 54 bonded col umn,
0 . 33- gm f i l mt hi ckness .

Det ect or s, mass spect r omet er and a f l ame-

i oni zat i on det ect or , 285 ° C.
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I nj ect i on t emper at ur e, 260° C.

Mode, spl i t l ess i nj ect i on .

Car r i er gas, 1 mL/ mi n, hel i um.

Tr ansf er l i ne, 285° C.

Pr ogr amr at e, 45' t o 300' C, 2 . 5- mi n i ni -

t i al hol d, 6 ° C/ mi n, 15- mi n f i nal hol d .

4 . 5

	

pHpaper , hydr i on, pH r ange 1 t o 14 .

5 . Reagent s

5 . 1 Aci di c or gani c compound st andar ds,

EPA anal yt i cal r ef er ence gr ade or hi ghest pur i t y

avai l abl e : Wei gh about 20 mg of t he st andar d t o

t hr ee si gni f i cant f i gur es, quant i t at i vel y t r ansf er i t t o

a 100- mL vol umet r i c f l ask, and di l ut e t o vol ume

wi t h met hyl ene chl or i de . Pr epar e di l ut i ons i n met hy-

l ene chl or i de t o obt ai n sol ut i ons cont ai ni ng 2, 10,

and 20 ng/ gL.

5 . 2 DFTPP ( Deeaf uor ot r i phenyl phosphi ne)

sol ut i on, 50 ng/ gL: Di l ut e 20 gL DFTPP ( Supel co,

or equi val ent , 25 mg/ mL sol ut i on) t o 10 mL i n a

vol umet r i c f l ask wi t h met hyl ene chl or i de .

5 . 3 I nt er nal st andar d, per deut er ophenan-

t hr ene ( phenant hr ene- d, o) , Kor I sot opes, Di vi si on of

Kor , I nc . , or equi val ent ; per deut er onapht hal ene

( napht hal ene- ds) , Al dr i ch Chemi cal Co . , or equi va-

l ent ; and per deut er ochr ysene ( chr ysene- d, 2 ) , Kor

I sot opes, Di vi si on of Kor , I nc . , or equi val ent : Wei gh

about 20 mg per deut er onapht hal ene, per deut er -

ophenant hr ene, and per deut er ochr ysene t o t hr ee

si gni f i cant f i gur es, quant i t at i vel y t r ansf er t o a 100-

mL vol umet r i c f l ask, and di l ut e t o vol ume wi t h

met hyl ene chl or i de .

5 . 4 Sodi um hydr oxi de, pel l et s, r eagent

gr ade .

5 . 5 Sodi um hydr oxi de sol ut i on, 37 per cent

( wei ght / vol ume ; w/ v) : Di ssol ve 185 g sodi um hy-

dr oxi de pel l et s i n 500 mL or gani c- f r ee wat er and

r ef l ux 8 h . Cool and st or e at 4' C.

5 . 6 Sodi um sul f at e, anhydr ous, gr anul ar ,

Mal l i nckr odt 8024, or equi val ent : Heat at 300° C

over ni ght , sl ur r y wi t h enough di et hyl et her t o cover

t he cr yst al s, and aci di f y t o pH 2 or l ess by addi ng a

f ew mi l l i l et er s of concent r at ed sul f ur i c aci d. Det er -

mi ne t he pH by r emovi ng a, por t i on of t he sl ur r y,

evapor at i ng t he et her , addi ng wat er t o t he cr yst al s,

and t est i ng t he aqueous phase wi t h pH paper . Evap-

or at e t he et her by al l owi ng t he sl ur r y t o st and i n an

open cont ai ner under a f ume hood. St or e at 130' C

i n a gl ass- st opper ed bot t l e .

5 . 7

	

Sol vent s, di et hyl et her , unpr eser ved, di s-

t i l l ed i n gl ass, pest i ci de anal ysi s qual i t y, Bur di ck and
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Jackson, or equi val ent ; met hyl ene chl or i de, i sopr o
panol , gl ass di st i l l ed pest i ci de qual i t y, Bur di ck ana

Jackson, or equi val ent .

5 . 8 Sul f ur i c aci d, concent r at ed, ( sp. gr .

1 . 84) , r eagent gr ade, Mal l i nckr odt , or equi val ent .

5 . 9

	

Sul f ur i c aci d, ( 1 + 3) : Pr epar e by addi ng
one par t concent r at ed sul f ur i c aci d t o t hr ee par t s
or gani c- f r ee wat er . St or e i n a r ef r i ger at or at 4' C.

5 . 10 Sur r ogat e st andar ds, per deut er ophenol

( phenol - d 6 ) , Al dr i ch Chemi cal Co . , or equi val ent ;

di br omobenzene, FDA, or equi val ent ; 2, 4, 6

t r i br omophenol , FDA, or equi val ent : Wei gh 4 mg of
each of t he t hr ee compounds t o t hr ee si gni f i cant

f i gur es, quant i t at i vel y t r ansf er t o a 100- mL vol u-

met r i c f l ask, and di l ut e t o vol ume wi t h i sopr opanol .

5 . 11

	

Wat er ; , or gani c- f r ee .

6. Pr ocedur e

Al l gl asswar e must be washed i n war mdet er gent

sol ut i on, r i nsed wi t h or gani c- f r ee wat er , and heat ed
at 300° C over ni ght . Al l gl asswar e must be r i nsed

wi t h ( 1 + 3) aqueous sul f ur i c aci d, t hen r i nsed wi t h

or gani c- f r ee wat er , unt i l t he washwat er i s neut r al t o

pH paper , and t hen heat ed at 130 ° C over ni ght . I m-

medi at el y bef or e use, t he gl asswar e i s r i nsed wi t h

met hyl ene chl or i de . St opcock gr ease shoul d not b,

used on gr ound- gl ass j oi nt s .

6 . 1

	

I mmedi at el y upon r ecei pt of t he sampl e i n

t he l abor at or y, aci di f y t o pH 2 or l ower ( as i ndi cat ed

by pH paper ) wi t h ( 1 + 3) sul f ur i c aci d ( appr oxi

mat el y 3 mL) , and st or e at 4' C. Ext r act i on must

begi n wi t hi n 48 h af t er r ecei pt of t he sampl e .

NOTE: Ext r act i on may be car r i ed out on t he

aqueous phase f ol l owi ng ext r act i on of t he ext r act a-

bl e base/ neut r al compounds ( met hod 0- 3118) .

6 . 2

	

A bl ank must accompany each set of sam-

pl es . For each sampl e and bl ank, r i nse a 2- L separ a-

t or y f unnel and a 500- mL Er l enmeyer f l ask wi t h

met hyl ene chl or i de .

6 . 3

	

Wei gh t he capped sampl e bot t l e t o t hr ee

si gni f i cant f i gur es and r ecor d t he wei ght f or subse-

quent cal cul at i ons .

6 . 4

	

Pour t he sampl e i nt o t he separ at or y f un-

nel and al l ow t he sampl e bot t l e t o dr ai n compl et el y .

6 . 5

	

Wei gh t he capped empt y sampl e bot t l e t o

t hr ee si gni f i cant f i gur es and cal cul at e and r ecor d

t he net sampl e wei ght .

6 . 6 Add 1 . 0 mL of t he sur r ogat e st andar d

( 5 . 10) t o t he sampl e i n t he separ at or y f unnel .

6 . 7 Add 100 mL met hyl ene chl or i de t o t he

empt y sampl e bot t l e and gent l y swi r l t o wash t l -
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si des of t he cont ai ner wi t h t he sol vent . The Tef l on

l i ner i nsi de t he cap i s not r i nsed because of t he po-

t ent i al f or cont ami nat i on f r om sol vent t hat has con-

t act ed t he cap t hr eads and t he sur f ace beneat h t he

l i ner . Pour t he cont ent s of t he bot t l e i nt o t he separ a-

t or y f unnel .

6 . 8

	

St opper t he separ at or y f unnel and shake

vi gor ousl y f or at l east 1 mi n, vent i ng of t en t o r e-

l ease t he pr essur e . Al l ow t he l ayer s t o separ at e .

6 . 9 Dr ai n t he or gani c l ayer i nt o a 500- mL

Er l enmeyer f l ask .

6 . 10 Add 50 mL met hyl ene chl or i de t o t he

separ at or y f unnel . St opper t he separ at or y f unnel

and shake f or at l east 1 mi n, vent i ng of t en t o r el ease

t he pr essur e . Al l owt he l ayer s t o separ at e .

6 . 11 Dr ai n t he or gani c l ayer i nt o t he

Er l enmeyer f l ask .

6 . 12 Ext r act t he sampl e one mor e t i me by
r epeat i ng st eps 6 . 9 and 6 . 10 .

6 . 13

	

Add appr oxi mat el y 30 g sodi um sul f at e

t o t he Er l enmeyer f l ask. Cover t he Er l enmeyer f l ask

wi t h al umi numf oi l and set asi de f or no l onger t han
2 h . ( Si gni f i cant l oss of anal yt es can occur f r om
sampl e adsor pt i on ont o t he sodi um sul f at e i f t he
ext r act i s al l owed t o r emai n i n cont act wi t h t he sodi -
um sul f at e f or l onger t han 2 h . )

6 . 14

	

Quant i t at i vel y t r ansf er t he dr i ed ext r act
t o a K- D appar at us, add a boi l i ng chi p, and at t ach a
Snyder col umn.

6 . 15

	

Concent r at e t o about 5 mL by heat i ng
t he appar at us on a 90' Cwat er bat h i n a f ume hood.

6 . 16 Al l ow t he K- D f l ask t o cool . Dr y t he
appar at us wi t h a t owel , especi al l y ar ound t he
gr ound- gl ass j oi nt .

6 . 17

	

Separ at e t he Snyder col umn f r omt he K-
D f l ask and r i nse t he wal l s of t he K- D f l ask wi t h
appr oxi mat el y 2 mL met hyl ene chl or i de. Dr y t he
j oi nt s wi t h a t owel . Separ at e t he r ecei ver f r om t he
K- D f l ask and r i nse t he gr ound- gl ass j oi nt of t he K-
D f l ask i nt o t he r ecei ver wi t h met hyl ene chl or i de .

6 . 18

	

Reduce t he vol ume of t he ext r act i n t he
r ecei ver t o l ess t han 0 . 9 mL on t he evapor at i ve con-
cent r at or . Dur i ng t he concent r at i on pr ocedur e, r i nse
t he r ecei ver wal l s t wo or t hr ee t i mes wi t h smal l
por t i ons of met hyl ene chl or i de .

6 . 19

	

St opper t he r ecei ver wi t h a gr ound- gl ass
st opper and st or e t he ext r act i n a f r eezer unt i l anal -
ysi s can pr oceed .

NOTE: The ext r act obt ai ned f r om t he
base/ neut r al ext r act i on ( met hod 0- 3118) and t he
ext r act f r omt hi s aci di c ext r act i on can be combi ned
f or GC/ MS anal ysi s i mmedi at el y bef or e i nj ect i on .
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6 . 20 I mmedi at el y bef or e anal ysi s, add 0 . 05

mL of i nt er nal st andar d . Adj ust t he f i nal vol ume of

t he sampl e ext r act i n t he r ecei ver t o 1 . 0 mL .

6 . 21

	

Mass spect r omet er t uni ng:

6 . 21 . 1 Use per f l uor ot r i but yl ami ne t o t une
t he mass spect r omet er i n a manner t hat r esul t s i n a
sat i sf act or y cal i br at i on of mass assi gnment s as wel l

as agr eement wi t h t he cr i t er i a l i st ed i n st ep 6 . 21 . 2 .

6 . 21 . 2

	

Set t he MS t o scan t he mass r ange

40- 450 amu ( at omi c mass uni t s) . Temper at ur e pr o-

gr am t he GC f r om 45' t o 275 ° C at 20 ° C per mi n
wi t h an i ni t i al hol d of 1 . 5 mi n . I nj ect 50 ng ( 1 gL of
sol ut i on, st ep 5 . 2) . Obt ai n a backgr ound cor r ect ed

mass spect r um of DFTPP and ver i f y t hat al l of t he

f ol l owi ng cr i t er i a ar e met :

Mass

	

I onabundance cr i t er i a

51- - - - - - - - - - - - - - - - - - - - - - - - - - 30- 60 per cent of mass 198

68- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - <2per cent of mass 69
70- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - <2 per cent of mass 69

127- - - - - - - - - - - - - - - - - - - - - - - - - - 40- 60 per cent of mass 198

197- - - - - - - - - - - - - - - - - - - - - - - - - - - - - <1 per cent of mass 198

198 - - - - - - - - - - - - - - Base peak, 100 per cent r el at i ve abundance

199- - - - - - - - - - - - - - - - - - - - - - - - - - - - 5- 9 per cent of mass 198

275 - - - - - - - - - - - - - - - - - - - - - - - - - - 10- 30 per cent of mass 198
365- - - - - - - - - - - - - - - - - - - - - - - - - - - - - >1 per cent of mass 198
441- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - <mass443
422 - - - - - - - - - - - - - - - - - - - - - - - - - - - - >40 per cent of mass 198

443 - - - - - - - - - - - - - - - - - - - - - - - - - -

	

17- 23 per cent of mass 442

6 . 22 Anal yze t he ext r act by i nj ect i on of an

al i quot i nt o t he GC/ MS syst em opt i mi zed as f ol l ows :

6 . 22 . 1

	

For syst ems conf i gur ed wi t h opt i on
A, anal yze t he mass r ange 40 t o 450 amu at a scan
r at e suf f i ci ent t o obt ai n a mi ni mum of 5 scans per
chr omat ogr aphi c peak . Recor d t he t ot al i on cur r ent
chr omat ogr amand t he mass spect r um of each peak.

6 . 22 . 2

	

For syst ems conf i gur ed wi t h opt i on
B, anal yze t he mass r ange 40 t o 450 amu at a scan
r at e suf f i ci ent t o obt ai n a mi ni mum of 5 scans per
chr omat ogr aphi c peak . Recor d t he t ot al i on cur r ent

chr omat ogr am and t he mass spect r um of each peak
as wel l as t he dat a ( r et ent i on t i me and i nt egr at ed
ar ea of each peak) f r omt he FI D.

6 . 23

	

Pr ocess t he dat a t o det er mi ne t he i dent i -
t y of t he ext r act abl e aci di c or gani c compounds i n t he
f ol l owi ng manner :

6 . 23 . 1 I dent i f i cat i on of t he t ar get com-
pound i s accompl i shed by a comput er i zed r ever se
sear ch pr ocedur e empl oyi ng a 25- scan r et ent i on
t i me wi ndow.
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6 . 23 . 2

	

I dent i f i cat i on of t he ext r act abl e aci d
compounds t hat ar e not t ar get compounds i s accom-
pl i shed by a comput er i zed l i br ar y sear ch ver sus t he
Nat i onal Bur eau of St andar ds l i br ar y r ef er ence
spect r a on each peak. The best comput er mat ches of
mass spect r a ar e r evi ewed manual l y .

6 . 24

	

Det er mi ne t he l ar gest char act er i st i c i on
and quant i t at e t he ar ea on t hi s i on f or any i dent i f i ed
peak, i ncl udi ng t he i nt er nal st andar d peak and t he
sur r ogat e st andar ds peaks. Al t er nat i vel y, i f t he sys-
t emi s conf i gur ed wi t h opt i on B, t he quant i t at i on can
be car r i ed out on t he FI D t r ace r at her t han on t he
mass spect r um. The i nt egr at ed ar ea of an i dent i f i ed
peak i s r ecor ded f or subsequent cal cul at i ons . The
bet t er chr omat ogr am ( FI D or MS) i s used f or quan-
t i t at i on .

6 . 25

	

Conf i r m t he sur r ogat e compounds f ound
i n t he sampl e by i nj ect i ng an al i quot of t he cor r e-

spondi ng sur r ogat e st andar ds ( st ep 5 . 10) i nt o t he

gas chr omat oggamh and anal yze accor di ng t o st eps

6 . 22 t hr ough 6 . 24 . Recor d t he i nt egr at ed ar ea ob-
t ai ned .

6 . 26 Conf i r m any i dent i f i ed ext r act abl e aci d
compounds f ound i n t he sampl e by i nj ect i ng an al i -

quot of t he cor r espondi ng aci di c or gani c compound

st andar d ( st ep 5 . 1) of about t he same concent r at i on
i nt o t he gas chr omat oggamh and anal yze accor di ng
t o st eps 6 . 22 t hr ough 6 . 24 . I f t he concent r at i on of

t he compound of i nt er est exceeds t he hi ghest st an-

dar d, di l ut e t he ext r act and r eanal yze i t . Recor d t he

i nt egr at ed ar ea obt ai ned . I f an aci d st andar d i s not

avai l abl e, quant i t at e r el at i ve t o t he i nt er nal st andar d
( see st ep 7 . 6) .

7 . Cal cul at i ons

7 . 1

	

Cal cul at i ons of r esponse f act or s and r el a-

t i ve r esponse f act or s :

7 . 1 . 1

	

Comput e t he r esponse f act or of t he

sur r ogat e st andar d ( st ep 6 . 25) and each compound

i n t he aci d st andar d ( st ep 6 . 26) usi ng t he f ol l owi ng

equat i on:

. 452

RF=- - ~
~c52

wher e

RF2 = r esponse f act or of compound i i n st andar d,

i n ar ea/ ng

Cs2

	

= amount of compound i i nj ect ed, i n ng/ gL,

and,

A3z

	

= ar ea of compound i peak .
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7 . 1 . 2

	

Cal cul at e t he r esponse f act or of t b
i nt er nal st andar d usi ng t he f ol l owi ng equat i on :

RFI

RRF =

wher e

RFI =r esponse f act or of i nt er nal st andar d, i n

ar ea/ ng,

CI , = amount of i nt er nal st andar d i n aci d st an-

dar d ( st ep 5 . 1) i nj ect ed, i n ng, and

AI , = ar ea of i nt er nal st andar d peak.

7 . 1 . 3 Cal cul at e a r el at i ve r esponse f act or
by t he f ol l owi ng equat i on :

RF

RFI

wher e

RRFi = r el at i ve r esponse f act or ,

RF = r esponse f act or of compound i , and

RFI = r esponse f act or of i nt er nal st andar d .

7 . 2 Cal cul at i ons of r ecover i es of sur r ogat es :

Cal cul at e t he per cent r ecover y of each sur r ogat e

st andar d r ecover ed f r om t he or i gi nal wat er
suspended- sedi ment mi xt ur e usi ng t he f ol l owi ng

equat i on :

AxCI 2 xV3 x100
Per cent r ecover y =

RRFi x AI 2 x CSx V4

wher e

A = ar ea of i dent i f i ed sur r ogat e peak i n sam-

pl e ext r act ,

Cl 2 = amount of i nt er nal st andar d i nj ect ed, i n

ng,

RRFi = r el at i ve r esponse f act or of sur r ogat e i ,

A12 = ar ea of i nt er nal st andar d peak i n sampl e

ext r act ,

Cs = concent r at i on of st andar d, i n ng/ mL,

V3 = f i nal vol ume of ext r act , i n mL, and

V4 = vol ume of sampl e i nj ect ed, i n pL.

7 . 3 Cal cul at i ons of concent r at i ons of ana-

l yt es : Cal cul at e t he concent r at i on of each i dent i f i ed

aci d ext r act abl e compound i n t he or i gi nal wat er or

wat er - suspended- sedi ment mi xt ur e usi ng t he f ol -

l owi ng equat i on :

AxC72 x V3x 1, 000
Concent r at i on ( , pg/ L) =

RRFxAI 2 x Wx V4

wher e

A= ar ea of i dent i f i ed peak i n sampl e,

CI 2 = amount of i nt er nal st andar d i nj ect ed, i n

ng,
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RRF= r el at i ve r esponse f act or ,

AI 2 = ar ea of i nt er nal st andar d peak i n sampl e

ext r act ,

W=wei ght of sampl e ext r act ed, expr essed i n

mL ( 1 . 000g = 1 . 000 mL) ,

V3 = f i nal vol ume of ext r act , i n mL, and

V4 = vol ume of sampl e i nj ect ed.

7 . 4 Cal cul at i ons of concent r at i ons of ot her

compounds: The concent r at i ons of al l ot her i dent i -

f i ed ext r act abl e aci d compounds i n t he or i gi nal

wat er sampl e, f or whi ch t her e ar e no st andar ds, ar e

cal cul at ed r el at i ve t o t he concent r at i on of t he i nt er -

nal st andar d and ar e semi quant i t at i ve f or t he pur -

pose of a gener al or gani c scan . The r esponse f act or

of t he compound i s assumed t o be exact l y equal t o

t hat of t he i nt er nal st andar d . Cal cul at e t he concen-

t r at i on usi ng t he f ol l owi ng equat i on :

A x V3 x 1, 000
Concent r at i on ( l eg/ L) =

RFl x Wx V4

wher e

RFI = r esponse f act or of i nt er nal st andar d, i n

ar ea/ ng,

A = ar ea of i dent i f i ed peak i n sampl e,

W=wei ght of sampl e ext r act ed, expr essed i n

mL ( 1 . 000 g = 1 . 000 mL) ,

V3 = f i nal vol ume of ext r act , i n mL, and

V4 = vol ume of sampl e i nj ect ed .

8. Repor t

8 . 1

	

Repor t concent r at i ons of ext r act abl e aci d-

i c or gani c compounds ( except 4- chl or o- 3- met hyl

phenol , 2, 4, 6- t r i chl or ophenol , 2, 4- di ni t r ophenol , 4

ni t r ophenol , 4, 6- di ni t r o- 2- met hyl phenol , and pent a-

chl or ophenol ) i n wat er and wat er - suspended- sedi -

ment mi xt ur es as f ol l ows : l ess t han 6 . 0 Fi g/ L, as

" l ess t han 6 . 0 gg/ L" ; 6 . 0 gg/ L and above, t wo si g-

ni f i cant f i gur es .

8 . 2 Repor t concent r at i ons of 4- chl or o- 3-

met hyl phenol , 4- ni t r ophenol , 4, 6- di ni t r o- 2- met hyl -

phenol , and pent achl or ophenol as f ol l ows : l ess t han

30 gg/ L, as " l ess t han 30 l t g/ L" ; 30 I gg/ L and

above, t wo si gni f i cant f i gur es .

8 . 3 Repor t concent r at i ons of 2, 4, 6- t r i -

chl or ophenol and 2, 4- di ni t r ophenol as f ol l ows : l ess
t han 20 gg/ L, as " l ess t han 20 gg/ L" ; 20 gg/ L and

above, t wo si gni f i cant f i gur es .

9. Pr eci si on

9 . 1

	

Sur r ogat e r ecover i es must be bet ween 30

per cent and 130 per cent unl ess a mat r i x ef f ect can
be demonst r at ed . Wat er and wat er - suspended- sedi -
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ment sampl es wer e spi ked wi t h sur r ogat e st andar ds

and r ecover i es wer e det er mi ned by t wo oper at or s i n

a si ngl e l abor at or y over an 8- mo per i od . Resul t s ar e

as f ol l ows :

9. 2 Dei oni zed wat er sampl es wer e spi ked

wi t h aci d ext r act abl e compounds and r ecover i es

wer e det er mi ned by t wo oper at or s i n a si ngl e l abor a-

t or y over a 1- yr per i od . Resul t s ar e as f ol l ows :

Rel at i ve
Number of Aver age

	

st andar d
sampl es r ecover y devi at i on

Compound!

	

anal yzed ( per cent ) ( per cent )

Sel ect ed r ef er ences

Gl aser , J. A. , Foer st , D. L. , McKee, G. D. , Quave, S. A. , and Budde,

W. L . , 1981, Tr ace anal ysi s f or wast ewat er s : Envi r onment al

Sci ence and Technol ogy, v . 15, p . 1426- 1435 .

Real i ni , P. A. , 1981, Det er mi nat i on of pr i or i t y pol l ut ant phenol s i n

wat er by HPLC: Jour nal of Chr omat ogr aphy Sci ence, v . 19,

p. 124- 129 .

Saut er , A. D. , Bet owski , L. D. , Smi t h, T. R. , St r i ckl er , V. A. ,

Bei mer , R. G. , Col by, B. M. , and Wi l ki son, J . E . , 1981, Fused

si l i ca capi l l ar y col umn GC/ MS f or t he anal ysi s of pr i or i t y

pol l ut ant s : Jour nal of Hi gh Resol ut i on Chr omat ogr aphy and

Chemi cal Communi cat i on, v . 4, p . 366- 384 .

U. S . Envi r onment al Pr ot ect i on Agency, 1979, Base/ neut r al s,

aci ds, and pest i ci des- Met hod 625: Feder al Regi st er v . 44,
no . 233, p. 69540 .

4- Chl or o- 3- met hyphenol - - - - - - - - - - - - - 18 80 27

2- Chl or ophenol - - - - - - - - - - - - - - - - - - - - - 20 73 25

2, 4- Di chl or ophenol - - - - - - - - - - - - - - - - - - 18 84 21

2, 4- Di met hyl phenol - - - - - - - - - - - - - - - - - 19 74 23

2, 4- Di ni t r ophenol - - - - - - - - - - - - - - - - - - - 15 67 26

2- Met hyl - 4, 6- di ni t r ophenol - - - - - - - - - - - - 5 66 33

2- Ni t r ophenol - - - - - - - - - - - - - - - - - - - - - - 17 78 32

4- Ni t r ophenol - - - - - - - - - - - - - - - - - - - - - - 17 61 44

Pent achl or ophenol - - - - - - - - - - - - - - - - - - 15 77 31

Phenol - - - - - - - - - - - - - - - - - - - - - - - - - - - 19 53 44

2, 4, 6- Tr i chl or ophenol - - - - - - - - - - - - - - - - 17 83 31

I onused
f or

Compound

quant i -
t at i on

Concen-
t r at i on
r ange

( ng/ pL)

Number
of sam-
pl es an-
al yzed

Aver age
r ecover y
( per cent )

Rel at i ve
st an-
dar d
devi a-
t i on

( per cent )

PhenoW6 - - - - - - - - - - - - - 99 42- 81 45 50 30

2, 4- Di br omophenol - - - - - - 252 57- 104 46 68 39

2, 4, 6- Tr i br omophenol - - - - 332 61- 75 44 83 34

I on usedf or
Compound quant i t at i on

Concent r at i on
r ange ( ng/ pL)

4- Chl or o- 3- met hyphenol - - - - - - - - - - - - - - 142 50- 292

2- Chl or ophenol - - - - - - - - - - - - - - - - - - - - - - 128 50- 355

2, 4- Di chl or ophenol - - - - - - - - - - - - - - - - - - - 162 50- 316

2, 4- Di met hyl phenol - - - - - - - - - - - - - - - - - - 122 43- 319

2, 4- Di ni t r ophenol - - - - - - - - - - - - - - - - - - - - 184 58- 436

2- Met hyl - 4, 6- di ni t r ophenol - - - - - - - - - - - - 198 50- 571

2- Ni t r ophenol - - - - - - - - - - - - - - - - - - - - - - - 139 50- 271

4- Ni t r ophenol - - - - - - - - - - - - - - - - - - - - - - - 139 50- 326

Pent achl or ophenol - - - - - - - - - - - - - - - - - - - 266 144- 349

Phenol - - - - - - - - - - - - - - - - - - - - - - - - - - - - 94 50- 331

2, 4, 6- Tr i chl or ophenol - - - - - - - - - - - - - - - - - 196 50- 236
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Base/ neut r al ext r act abl e compounds, t ot al
r ecover abl e, gas chr omat ogr aphi c/ mass

spect r omet r i c ( 0- 3118- 83)
Par amet er

	

Code

1 . Appl i cat i on

Thi s met hod i s sui t abl e f or t he det er mi nat i on of

met hyl ene chl or i de ext r act abl e base/ neut r al com-

pounds i n wat er and wat er - suspended- sedi ment

mi xt ur es cont ai ni ng at l east 5 gg/ L of t he anal yt e .

2 .

	

Summar y of met hod

Or gani c base/ neut r al compounds ar e ext r act ed

f r omwat er and wat er - suspended- sedi ment mi xt ur es

TECHNI QUES OF WATER- RESOURCESI NVESTI GATI ONS

wi t h met hyl ene chl or i de . The ext r act i s concent r at e

and anal yzed by gas chr omat ogr aphy ( GC) usi ng a

f l ame- i oni zat i on det ect or ( FI D) or a mass spect r o-

met r i c ( MS) det ect or .

5. Reagent s

5 . 1

	

Base/ neut r al st andar ds, EPA anal yt i cal

r ef er ence gr ade or hi ghest pur i t y avai l abl e: Wei gh

20 mg of t he compound t o t hr ee si gni f i cant f i gur es,

quant i t at i vel y t r ansf er t o a 100- mL vol umet r i c f l ask,

and di l ut e t o vol ume wi t h met hyl ene chl or i de. Pr e-

par e di l ut i ons i n met hyl ene chl or i de t o obt ai n sol u-

t i ons cont ai ni ng 2, 10, and 20 ng/ gL.

Acenapht hene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34205

Acenapht hyl ene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34200 3 . I nt er f er ences
Ant hr acene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34220

Benzi di ne
Any compound havi ng chemi cal and physi cal- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 39120

Benzo( a) ant hr acene - - - - - - - - - - - - - - - - - - - - - - - - - - - 34526 pr oper t i es si mi l ar t o an anal yt e of i nt er est may i n-

Benzo( b) f l uor ant hene- - - - - - - - - - - - - - - - - - - - - - - - - - 34230 t er f er e .
Benzo( k) f l uor ant hene- - - - - - - - - - - - - - - - - - - - - - - - - - 34242

Benzo( g, hJ) per yl ene - - - - - - - - - - - - - - - - - - - - - - - - - - - 34521 4 . Appar at us
Benzo( a) pyr ene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34247

4- Br omophenyl phenyl et her - - - - - - - - - - - - - - - - - - - - - 34636
4 . 1 Boi l i ng chi ps, mi cr o, car bon chi ps : Ri nse

But yl benzyl pht hal at e - - - - - - - - - - - - - - - - - - - - - - - - - 34292 wi t h hexane, ai r dr y, and heat at 300 ° C over ni ght .
bi s( 2- Chl or oet hoxy) r net hane- - - - - - - - - - - - - - - - - - - - - 34278 4 . 2 Concent r at or , Kuder na- Dani sh ( K- D) ,
bi s( 2- Chl or or et hyl ) et her - - - - - - - - - - - - - - - - - - - - - - - 34273 500 mL, al l gl ass, wi t h gr ound- gl ass j oi nt s, a 10 . 0-
bi s( 2- Chl or oi sopr opyl ) et her - - - - - - - - - - - - - - - - - - - - - 34283

mL r ecei ver , and a one- bal l Snyder col umn .
2- Chl or onapht hal ene - - - - - - - - - - - - - - - - - - - - - - - - - - 34581

4- Chl or ophenyl phenyl et her - - - - - - - - - - - - - - - - - - - - - 34641
4 . 3 Evapor at i ve concent r at or , Or ganomat i on

Chr ysene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34320 N- Evap, or equi val ent : Wat er bat h must be mai n-
Di benz( a, h) ant hr acene - - - - - - - - - - - - - - - - - - - - - - - - - 34556 t ai ned at 50' t o 55 ° C.
1, 2- Di chl or obenzene- - - - - - - - - - - - - - - - - - - - - - - - - - - 34536 4 . 4 Gas chr omat ogr aph/ mass spect r ome-
1, 3- Di chl or obenzene - - - - - - - - - - - - - - - - - - - - - - - - - - - 34566

t er / dat a syst em, ( GC/ MS) Hewl et t - Packar d 5985 B1, 4- Di chl or obenzene- - - - - - - - - - - - - - - - - - - - - - - - - - - 34571

3, 3' - Di chl or obenzi di ne - - - - - - - - - - - - - - - - - - - - - - - - - 34631 GUMS, or equi val ent : The gas chr omat ogr aph i s

Di et hyl pht hal at e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34336 used wi t h one of t he f ol l owi ng opt i ons :
Di met hyl pht hal at e - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34341 4 . 4 . 1 Col umns, f used si l i ca capi l l ar y col -
Di - n- but yl pht hal at e - - - - - - - - - - - - - - - - - - - - - - - - - - - 39110 umn, 25 mx 0 . 20 mmi d ( i nsi de di amet er ) , SE- 54
2, 4- Di ni t r ot ol uene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34611

bonded col umn, 0 . 33- gmf i l m t hi ckness .2, 6- Di ni t r ot ol uene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34626

Di - n- oct yl pht hal at e - - - - - - - - - - - - - - - - - - - - - - - - - - - 34596
Det ect or , mass spect r omet er ( MS) .

bi s( 2- Et hyl hexyl ) pht hal at e - - - - - - - - - - - - - - - - - - - - - 39100 I nj ect i on t emper at ur e, 260' C.
Fl uor ant hene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34376 Car r i er gas, 1mL/ mi n, hel i um.
Fl uor ene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34381 Tr ansf er l i ne t emper at ur e, 285° C.
Hexachl or obenzene- - - - - - - - - - - - - - - - - - - - - - - - - - - - 39700

Mode, spl i t l ess i nj ect i on.
Hexachl or obut adi ene - - - - - - - - - - - - - - - - - - - - - - - - - - 39702

Hexachl or ocycl opent adi ene- - - - - - - - - - - - - - - - - - - - - - 34386
Pr ogr amr at e, 45' t o 300° C, 2 . 5- mi n i ni -

Hexachl or oet hane- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34396 t i al hol d, 6 ° C/ mi n, 15- mi n f i nal hol d .

I ndeno( 1, 2, 3- cd) pyr ene- - - - - - - - - - - - - - - - - - - - - - - - - 34403 4 . 4 . 2 Col umns, t wo f used si l i ca capi l l ar y
I sophor one - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34408 col umns, 25 mx0 . 20 mmi d, SE- 54 bonded col umn,
Napht hal ene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34696

0 . 33- gm f i l mt hi ckness .
Ni t r obenzene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34447

N- Ni t r osodi met hyl ami ne- - - - - - - - - - - - - - - - - - - - - - - - 34438
Det ect or s, mass spect r omet er , FI D 285' C.

N- Ni t r osodi phenyl ami ne - - - - - - - - - - - - - - - - - - - - - - - - 34483 I nj ect i on t emper at ur e, 260 ° C.

N- Ni t r osodi - n- pr opyl ami ne- - - - - - - - - - - - - - - - - - - - - - 34428 Mode, spl i t l ess i nj ect i on .
Phenant hr ene- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34461 Car r i er gas, 1 mUmi n, hel i um.
Pyr ene - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34469

Tr ansf er l i ne, 285' C.
2, 3, 7, 8- Tet r achl or odi benzo- p- di oxi n - - - - - - - - - - - - - - - 34675

Pr ogr am r at e, 45 ° t o 300° C, 2. 5- mi n i ni -
1, 2, 4- Tr i chl or obenzene - - - - - - - - - - - - - - - - - - - - - - - - - 34551

t i al hol d, 6° C/ mi n, 15- mi n f i nal hol d .
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5 . 2 DFTPP ( Decaf l uor ot r i phenyl phosphi ne)

sol ut i on, 50 ng/ gL : Di l ut e 20 gL DFTPP ( Supel co,

or equi val ent , 25- mg/ mL sol ut i on) t o 10 mL i n a

vol umet r i c f l ask wi t h met hyl ene chl or i de .

5 . 3 I nt er nal st andar ds, per deut er onapht ha-

l ene ( napht hal ene- ds) , Al dr i ch Chemi cal Co . , or
equi val ent ; per deut er ophenant hr ene ( phenant hr ene

di o) , Kor I sot opes, Di vi si on of Kor , I nc . , or equi va-

l ent ; and per deut er ochr ysene ( chr ysene- d 12 ) , Kor

I sot opes, Di vi si on of Kor , I nc . , or equi val ent . Wei gh

about 20 mg of per deut er onapht hal ene, per deut er -
ophenant hr ene, and per deut er ochr ysene t o t hr ee

si gni f i cant f i gur es, quant i t at i vel y t r ansf er t o a 100-

mL vol umet r i c f l ask, and di l ut e t o vol ume wi t h

met hyl ene chl or i de .

5 . 4

	

Sodi um chl or i de, r eagent gr ade : Heat at

300' C over ni ght and st or e i n a cl osed gl ass cont ai n-

er .

5 . 5 Sodi um hydr oxi de, 37 per cent ( wei ght /

vol ume) : Di ssol ve 185 g sodi um hydr oxi de pel l et s i n

500 mL or gani c- f r ee wat er and r ef l ux 8 hr . Cool and
st or e at VC.C.

5 . 6

	

Sodi um sul f at e, gr anul ar , anhydr ous, r e-
agent gr ade: Heat at 300° C over ni ght and st or e i n a
gl ass- st opper ed Er l enmeyer f l ask at 130' C.

5 . 7

	

Sol vent s, hexane, i sopr opanol , and met h-
yl ene chl or i de, gl ass di st i l l ed, pest i ci de anal ysi s
qual i t y, Bur di ck and Jackson, or equi val ent .

5 . 8 Sur r ogat e st andar ds, 1- f l uor onapht ha-
l ene, Al dr i ch Chemi cal Co . , or equi val ent ; 2, 2' -
di f l uor obi phenyl , Pf al t z and Bauer Co . , or equi va
l ent ; and p- di br omobenzene, FDA, or equi val ent .
Wei gh 4 mg of each of t he t hr ee compounds t o t hr ee
si gni f i cant f i gur es, quant i t at i vel y t r ansf er t o a 100-
mL vol umet r i c f l ask, and di l ut e t o vol ume wi t h i so-
pr opanol .

5 . 9

	

Wat er , or gani c- f r ee .

6. Pr ocedur e

Al l gl asswar e must be washed i n a war mdet er -
gent sol ut i on, r i nsed wi t h or gani c- f r ee wat er , and
heat ed at 300° C over ni ght . I mmedi at el y bef or e use,
i t must be r i nsed wi t h met hyl ene chl or i de . St opcock
gr ease shoul d not be used on gr ound- gl ass j oi nt s .

6 . 1

	

I mmedi at el y upon r ecei pt of t he sampl e,
st or e at 4' C. Ext r act i on must begi n wi t hi n 48 h
f ol l owi ng r ecei pt of t he sampl e .

6 . 2 A bl ank must accompany each gr oup of
sampl es . For each sampl e and bl ank, r i nse a 2- L
separ at or y f unnel and a 500- mL Er l enmeyer f l ask
wi t h met hyl ene chl or i de .

7 7

6 . 3

	

Wei gh t he capped sampl e bot t l e t o t hr ee

si gni f i cant f i gur es and r ecor d t he wei ght f or subse-

quent cal cul at i ons .

6 . 4

	

Adj ust t he sampl e t o pH 11, as i ndi cat ed

by pH paper , by t he addi t i on of sodi um hydr oxi de

sol ut i on.

6 . 5

	

Pour t he sampl e i nt o a separ at or y f unnel

cont ai ni ng 100 g sodi um chl or i de. Al l ow t he sampl e

bot t l e t o dr ai n i nt o t he separ at or y f unnel f or sever al

mi nut es . St opper and shake unt i l t he sal t i s di s-

sol ved .

6 . 6

	

Wei gh t he empt y, capped sampl e bot t l e t o

t hr ee si gni f i cant f i gur es, cal cul at e and r ecor d t he

net sampl e wei ght .

6 . 7

	

Add 1 mL of t he sur r ogat e st andar d ( st ep

5 . 8) t o t he sampl e i n t he separ at or y f unnel .

6 . 8 Add 100 mL met hyl ene chl or i de t o t he
empt y sampl e bot t l e and swi r l t o wash t he si des of
t he cont ai ner wi t h t he sol vent . The Tef l on l i ner i s
not r i nsed because of t he pot ent i al of cont ami nat i on

f r omsol vent t hat has cont act ed t he cap t hr eads and

t he sur f ace beneat h t he l i ner . Pour t he cont ent s of

t he bot t l e i nt o t he separ at or y f unnel .

6 . 9

	

St opper t he separ at or y f unnel and shake
f or at l east 1 mi n, vent i ng of t en t o r el i eve pr essur e .

6 . 10 Dr ai n t he or gani c l ayer i nt o a 500- mL
Er l enmeyer f l ask cont ai ni ng appr oxi mat el y 30 g so-

di umsul f at e .

6 . 11

	

Ext r act t he sampl e t wo mor e t i mes wi t h
50 mL met hyl ene chl or i de by r epeat i ng st eps 6 . 8
t hr ough 6 . 10, col l ect i ng t he t wo or gani c ext r act s i n
t he Er l enmeyer f l ask cont ai ni ng t he sodi um sul f at e.

NOTE: The aqueous phase may be r et ai ned
and ext r act ed f or t he aci di c ext r act abl e or gani c
compounds af t er adj ust i ng t he pH t o 2 ( met hod
0- 3117) .

6 . 12

	

Cover t he Er l enmeyer f l ask wi t h al umi -
numf oi l and al l ow t o st and at r oomt emper at ur e f or
appr oxi mat el y 4 h .

6 . 13

	

Quant i t at i vel y t r ansf er t he dr i ed ext r act
i nt o a K- D appar at us, add a boi l i ng chi p, and at t ach
a Snyder col umn.

6 . 14

	

Concent r at e t he ext r act t o about 5 mL
by heat i ng t he appar at us on a 80' C wat er bat h i n a
f ume hood .

6 . 15

	

Al l ow t he K- D appar at us t o cool . Dr y t he
appar at us wi t h a t owel , especi al l y ar ound t he
gr ound- gl ass j oi nt of t he r ecei ver .

6 . 16

	

Separ at e t he Snyder col umn f r omt he K-
D f l ask and r i nse t he wal l s of t he K- D f l ask wi t h
appr oxi mat el y 2 mL met hyl ene chl or i de . Separ at e
t he r ecei ver f r om t he K- D f l ask and r i nse t he
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gr ound- gl ass j oi nt of t he K- I ) f l ask i nt o t he r ecei ver
wi t h met hyl ene chl or i de .

6 . 17 Reduce t he vol ume of t he met hyl ene
chl or i de i n t he r ecei ver t o l ess t han 0 . 9 mL on t he
evapor at i ve concent r at or . Dur i ng t he concent r at i on,
r i nse t he r ecei ver wal l s t wo or t hr ee t i mes wi t h
smal l por t i ons of met hyl ene chl or i de.

6 . 18

	

St opper t he r ecei ver wi t h a gr ound- gl ass
st opper and st or e t he ext r act at 4' C unt i l anal ysi s
can pr oceed .

NOTE: The ext r act can be combi ned wi t h t he

ext r act f r om t he aci di c ext r act abl e or gani c com-

pounds ( met hod 0- 3117) i mmedi at el y bef or e i nj ec-

t i on i nt o t he GC/ MS.

6 . 19 I mmedi at el y bef or e anal ysi s, add 0 . 05

mL of i nt er nal st andar d . Adj ust t he f i nal vol ume of

t he sampl e ext r act i n t he r ecei ver t o 1 . 0 mL .

6 . 20

	

Mass spect r omet er t uni ng:

6 . 20 . 1 Use per f l uor ot r i but yl ami ne t o t une

t he mass spect r omet er i n a manner t hat r esul t s i n

sat i sf act or y cal i br at i on of mass assi gnment s as wel l

as agr eement wi t h t he cr i t er i a l i st ed i n st ep 6 . 20. 2 .

6 . 20 . 2

	

Set t he MS t o scan t he mass r ange

40- 450 amu ( at omi c mass uni t s) . Temper at ur e pr o-

gr am t he GC f r om 45' t o 275' C at 20' C/ mi n wi t h

an i ni t i al hol d of 1 . 5 mi n . I nj ect 50 ng ( 1 gL of

sol ut i on, st ep 5 . 2) . Obt ai n a backgr ound cor r ect ed

mass spect r um of DFTPP and ver i f y t hat al l of t he

f ol l owi ng cr i t er i a ar e met :

Mass

	

I onabundance cr i t er i a

51 - - - - - - - - - - - - - - - - - - - - - - - - - 30- 60 per cent of mass 198

68 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - <2 per cent of mass 69

70 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - <2 per cent of mass 69

127 - - - - - - - - - - - - - - - - - - - - - - - - - 40- 60 per cent of mass 198

197 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - <1 per cent of mass 198

198 - - - - - - - - - - - - - Base peak, 100 per cent r el at i ve abundance

199 - - - - - - - - - - - - - - - - - - - - - - - - - - -

	

5- 9 per cent of mass 198

275 - - - - - - - - - - - - - - - - - - - - - - - - -

	

10- 30 per cent of mass 198

365- - - - - - - - - - - - - - - - - - - - - - - - - - - - >1 per cent of mass 198

441 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - <mass 443

442 - - - - - - - - - - - - - - - - - - - - - - - - - - - >40 per cent of mass 198

443 - - - - - - - - - - - - - - - - - - - - - - - - -

	

17- 23 per cent of mass 442

6 . 21 Anal yze t he ext r act by i nj ect i on of an

al i quot i nt o t he GC/ MS syst emopt i mi zed as f ol l ows :

6 . 21 . 1

	

For syst ems conf i gur ed wi t h opt i on

A, anal yze t he mass r ange 40 t o 450 amu at a scan

r at e suf f i ci ent t o obt ai n a mi ni mum of 5 scans per

chr omat ogr aphi c peak . Recor d t he t ot al i on cur r ent

chr omat ogr amand t he mass spect r umof each peak .

6 . 21 . 2

	

For syst ems conf i gur ed wi t h opt i on

B, anal yze t he mass r ange 40 t o 450 amu at a scan
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r at e suf f i ci ent t o obt ai n a mi ni mum of 5 scans per
chr omat ogr aphi c peak . Recor d t he t ot al i on cur r ent
chr omat ogr am and t he mass spect r um of each peak
as wel l as t he r et ent i on t i me and i nt egr at ed ar ea of
each peak f r omt he FI D.

6 . 22

	

Pr ocess t he dat a t o det er mi ne t he i dent i -
t y of t he ext r act abl e base/ neut r al compounds i n-
cl udi ng t he pr i or i t y pol l ut ant s i n t he f ol l owi ng man-
ner :

6 . 22 . 1 I dent i f i cat i on of t he t ar get com-
pounds i s accompl i shed by a comput er i zed r ever se
sear ch pr ocedur e empl oyi ng a 25- scan r et ent i on

t i me wi ndow.

6 . 22 . 2 I dent i f i cat i on of t he ext r act abl e
base/ neut r al compounds t hat ar e not t ar get com-

pounds i s accompl i shed by a comput er i zed l i br ar y

sear ch ver sus t he Nat i onal Bur eau of St andar ds l i -

br ar y r ef er ence spect r a on each peak .

6 . 23

	

Det er mi ne t he l ar gest char act er i st i c i on

and quant i t at e t he ar ea on t hi s i on f or any i dent i f i ed

peak, i ncl udi ng t he i nt er nal st andar d peak and t he

sur r ogat e st andar ds peaks . Al t er nat i vel y, i f t he sys-

t emi s conf i gur ed wi t h opt i on B, t he quant i t at i on can

be car r i ed out on t he FI D r esponse r at her t han on

t he mass spect r omet er r esponse . The i nt egr at ed

ar ea of an i dent i f i ed peak f r omt he FI D i s r ecor ded

f or subsequent cal cul at i ons . The bet t er chr o

mat ogr am( FI D or MS) i s used f or quant i t at i on .

6 . 24

	

Conf i r m t he sur r ogat e compounds f ound

i n t he sampl e by i nj ect i ng an al i quot of t he cor r e-

spondi ng sur r ogat e st andar ds ( st ep 5 . 8) i nt o t he gas

chr omat ogr aph and anal yze accor di ng t o st eps 6 . 21

t hr ough 6 . 23 . Recor d t he i nt egr at ed ar ea obt ai ned.

6 . 25 Conf i r m any i dent i f i ed ext r act abl e

base/ neut r al compounds f ound i n t he sampl e by i n-

j ect i ng an al i quot of t he cor r espondi ng base/ neut r al

st andar d i nt o t he gas chr omat ogr aph and anal yze

accor di ng t o st eps 6 . 21 t hr ough 6 . 23 . Recor d t he

i nt egr at ed ar ea obt ai ned . I f a base/ neut r al st andar d

i s not avai l abl e, quant i t at e r el at i ve t o t he i nt er nal

st andar d ( see st ep ' 7 . 6) .

7. Cal cul at i ons

7 . 1

	

Cal cul at i ons of r esponse f act or s and r el a-

t i ve r esponse f act or s:

7 . 1 . 1

	

Cal cul at e t he r esponse f act or f or each

compound i n t he base/ neut r al st andar d or sur r ogat e

st andar d ( st ep 6 . 23) usi ng t he f ol l owi ng equat i on :

Asi
RF, =

Csi
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wher e

	

AxCl 2x Vax 1, 000

RFi = r esponse f act or of compound i i n st andar d,

	

Concent r at i on ( pg/ L) = RRFi xAI 2x Wx V4

i n ar ea/ ng,

Csi = amount of compound i i nj ect ed, i n ng/ gL,

	

wher e

and

	

A = ar ea of i dent i f i ed peak i n sampl e ext r act ,

Asi = ar ea of compound i peak i n t he st andar d.

	

CI 2 = amount of i nt er nal st andar d i nj ect ed, i n

7 . 1 . 2

	

Cal cul at e t he r esponse f act or of t he

	

ng,

i nt er nal st andar d usi ng t he f ol l owi ng equat i on :

	

RRFi = r el at i ve r esponse f act or of compound i ,

AI 2 = ar ea of i nt er nal st andar d peak i n sampl e

RFI =
AI ,

	

ext r act ,

Cl ,

	

W= wei ght of sampl e ext r act ed, expr essed i n

mL ( 1 . 000 g = 1 . 000 mL) ,
wher e

	

Vs = f i nal vol ume of ext r act , i n mL, and
RF1= r esponse f act or of i nt er nal st andar d, i n

	

V4 = vol ume i nj ect ed, i n gL .
ar ea/ ng,

	

7 .. 4 Cal cul at i ons of concent r at i ons of ot her
CI , = amount of i nt er nal st andar d i n base/ neu-

	

compounds : The concent r at i ons of al l ot her i dent i -
t r al st andar d, i n ng i nj ect ed, and

	

f i ed ext r act abl e base/ neut r al compounds i n t he or i g-
AI , = ar ea of i nt er nal st andar d peak .

	

i nal wat er sampl e f or whi ch t her e ar e no st andar ds,
7 . 1 . 3

	

Cal cul at e a r el at i ve r esponse f act or

	

ar e cal cul at ed r el at i ve t o t he concent r at i on of t he
by t he f ol l owi ng equat i on :

	

i nt er nal st andar d, and ar e semi quant i t at i ve f or t he

RFi

	

pur poses of a gener al or gani c scan. The r esponse

RRFi = RFI

	

f act or of t he compound i s assumed t o be exact l y

equal t o t hat of t he i nt er nal st andar d . Cal cul at e t he

wher e

	

concent r at i on usi ng t he f ol l owi ng equat i on:

RRFi = r el at i ve r esponse f act or , compound i ,

RFi = r esponse f act or of compound i , and

RFI = r esponse f act or of i nt er nal st andar d.

7 . 2 Cal cul at i ons of r ecover i es of sur r ogat es:

Cal cul at e t he per cent r ecover y of each sur r ogat e

st andar d r ecover ed f r om t he or i gi nal Wat er - sus

pended- sedi ment mi xt ur e usi ng t he f ol l owi ng equa-

t i on :

Per cent r ecover y =

	

AxCI 2 x Vs x 100

RRFi xAI 2 x CSx V4

wher e

A = ar ea of i dent i f i ed sur r ogat e peak i n sam-

pl e ext r act ,

CI 2 = amount of i nt er nal st andar d i nj ect ed, i n

ng,

RRF; = r el at i ve r esponse f act or of compound i ,
AI 2 = ar ea of i nt er nal st andar d peak i n sampl e

ext r act ,

CS = concent r at i on of st andar d, i n ng/ ~t L,

Vs = f i nal vol ume of ext r act , i n mL, and

V4 = vol ume i nj ect ed, i n gL.

7 . 3

	

Cal cul at i on of concent r at i ons of anal yt es :

Cal cul at e t he concent r at i on of each i dent i f i ed ex-

t r act abl e base/ neut r al pr i or i t y pol l ut ant i n t he or i gi
nal wat er - suspended- sedi ment mi xt ur e usi ng t he

f ol l owi ng equat i on :

8 . Repor t

Concent r at i on ( l ag/ L) =
Ax Va x 1, 000

RFI xWxV4

wher e

RFI = r esponse f act or of i nt er nal st andar d, i n

ar ea/ ng,

A = ar ea of i dent i f i ed peak i n sampl e,

W=wei ght of sampl e ext r act ed, expr essed i n

mL ( 1 . 000 g = 1 . 000 mL) ,

Va = f i nal vol ume of ext r act , i n mL, and

V4 = vol ume i nj ect ed, i n gL.

8 . 1 Repor t concent r at i ons of ext r act abl e

base/ neut r al or gani c compounds ( except chr ysene,

benzo( a) ant hr acene, di oct yl pht hal at e, benzo( b)

f l uor ant hene, benzo( k) f l uor ant hene, benzo( a) py-

r ene, i ndeno( 1, 2, 3- cd) pyr ene, di benz( a, h) ant hr a-

cene, and benzo( g, h, i ) per yl ene) i n wat er and

wat er - suspended- sedi ment mi xt ur es as f ol l ows : l ess
t han 5 . 0 ~t g/ L, as " l ess t han 5 . 0 pg/ L" ; 5 . 0 gg/ L

and above, t wo si gni f i cant f i gur es .

8 . 2 Repor t concent r at i ons of chr ysene,

benzo( a) ant hr acene, di oct yl pht hal at e, benzo( b)

f l uor ant hene, benzo( k) f l uor ant hene, benzo( a) py

r ene, i ndeno( 1, 2, 3- cd) pyr ene, di benz( a, h) ant hr a-

cene, and benzo( g, h, i ) per yl ene as f ol l ows : l ess t han
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10 gg/ L, as " l ess t han 10 wg/ L" ; l 0gg/ L and above,

t wo si gni f i cant f i gur es .

9. Pr eci si on

9 . 1 Sur r ogat e r ecover i es must be f r om 40

per cent t o 130 per cent unl ess a mat r i x ef f ect can be

demonst r at ed . Wat er and wat er - suspended- sedi

ment sampl es wer e spi ked wi t h sur r ogat e st andar ds

and r ecover i es wer e det er mi ned by t wo oper at or s i n

a si ngl e l abor at or y over an 8- mo per i od . Resul t s ar e

as f ol l ows :

9 . 2 Dei oni zed wat er sampl es wer e spi ked

wi t h base/ neut r al ext r act abl e compounds and r ecov-

er i es wer e det er mi ned by t wo oper at or s i n a si ngl e

l abor at or y over a 1- yr per i od. Resul t s ar e as f ol l ows :

Rel at i ve
st an-

I on used

	

Concen-

	

Number

	

dar d
f or t r at t i on of sam- Aver age devi ce

quant i -

	

r ange

	

pl es an-

	

r ecover y

	

t i on
Compound

	

t at i on ( ng/ pL) al yzed ( per cent ) ( per cent )

Sel ect ed r ef er ences

Gl aser , J . A. , Foer st , D. L . , McKee, G. D. , Quave, S. A. , and Budde,

W. L. , 1981 Tr ace anal ysi s f or wast ewat er s : Envi r onment al

Sci ence and Technol ogy, v. 15, p. 1426- 1435 .

Saut er , A. D. , Bet owski , L. D. , Smi t h, T. R. , St r i ckl er , V. A. ,

Bei mer , R. G. , Col by, B. M. , and Wi l ki son, J . E . , 1981, Fuse

col umn GC/ MS f or t he anal ysi s of pr i or i t y

r nal of Hi gh Resol ut i on Chr omat ogr aphy and

muni cat i ons, v. 4, p. 366- 384 .

Pr ot ect i on Agency, 1979, Base/ neut r al aci ds,

- Met hod 625: Feder al Regi st er , v . 44, no .

~U . S . G. P . O . 1987 - 181- 407 : 40093

Compound

I on used
f or

quant i -
t at i on

Concen-
t r at t i on
r ange

( ng/ gL)

Number
of sam-
pl es an-
al yzed

Aver age
r ecover y
( per cent )

Rel at i ve
st an-
dar d

devi ce
t i on

( per cent )

4- Chl or ophenyl phenyl et her 204 50 1 111 - - -

Chr ysene- - - - - - - - - - - - - - - 228 50- 113 6 42 46

Di benz( a, h) ant hr acene - - - - 278 69 1 71 - - -

Di - n- but yl pht hal at e- - - - - - 149 100 5 53 19

1, 2- Di chl or obenzene- - - - - - 146 50- 100 5 56 43

1, 3- Di chl or obenzene- - - - - - 146 100- 201 6 97 30

1, 4- Di chol or obenzene- - - - - 146 102 1 51 - - -

Di et hyl pht hal at e - - - - - - - - - 149 50- 100 14 69 37

Di met hyl pht hal at e - - - - - - - 163 199 1 19 - - -

2, 4- Di ni t r ot ol uene - - - - - - - 165 50- 106 6 63 19

Di met hyl pht hal at e - - - - - - 149 100 15 69 42

bi s( 2- et hyl hexyl ) pht hal at e - 149 100 2 42 - - -

Fl uor ene - - - - - - - - - - - - - - 166 50- 197 5 99 11

Fl uor ant hene- - - - - - - - - - - 202 224 1 98 - - -

Hexachl or obenzene - - - - - - - 284 50- 76 3 91 - - -

Hexachl or obut adi ne- - - - - - 225 50- 74 3 94 - - -

I ndeno( 1, 2, 3- cd) pyr ene - - - 276 50 1 104 - - -

Napht hal ene - - - - - - - - - - - 128 50- 130 6 81 17

Ni t r obenzene- - - - - - - - - - - 77 219 1 50 - - -

N- Ni t r osodi met hyl ami ne - - 74 50 1 68 - - -

N- Ni t r osodi phenyl ami ne- - - 169 50 1 48 - - -

Phenant hr ene - - - - - - - - - - 178 218 1 94 - - -
Pyr ene- - - - - - - - - - - - - - - - 202 50- 334 16 94 16

1, 2, 4- Tr i chl or obenzene- - - - 180 100 5 78 24

Acenapht hyl ene- - - - - - - - - 152 190 2 105 - - -
si l i ca capi l l ar y

Ant hr acene - - - - - - - - - - - - 178 100- 177 5 66 45
pol l ut ant s : Jo

Benzo( a) ant hr acene- - - - - - 228 69 5 79 23

Benzo( k) f l uor ant hene- - - - - 252 50- 71 2 98 - - -
Chemi cal Co

Benzo( a) pyr ene - - - - - - - - - 252 50- - 100 5 115 22 U. S . Envi r onment al

bi s( 2- chl or oet hoxy) met hane 93 50- - 100 3 64 - - - and pest i ci de

4- Br omophenyl phenyl et her 248 100 5 43 6 233, p. 69, 540 .

Rel at i ve
st an-

I on used Concen- Number dar d
f or t r at i on of sam- Aver age devi a-

quant i - r ange pl es am r ecover y t i on
Compound t at i on ( ng/ pL) al yzed ( per cent ) ( per cent )

1- Fl uor onapht hal ene - - - - - 146 48- - 104 45 65 29

p- Di br omobenzene- - - - - - - 236 51- - 107 46 67 26

2, 2' - Di f l uor obi phenyl - - - - - 190 43- 79 46 68 20
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