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| DETERMINATION OF ACID VOLATILE SULFIDE AND SELECTED
SIMULTANEOUSLY EXTRACTABLE METALS IN SEDIMENT

1. SCOPE AND APPLICATION

extracted metal, SEM), Asap'ecipitamtofnxicbuvynmls,sulﬁdcisimpannth

method uses the same conditions for release of both sulfide and meta] from the
sedimmtmdmusp'oviimamcﬁunxansofassmsingtbcamumofmemlamdamd
with sulfide.

2. SUMMARY OF METHOD

2.1 TheAVSinlhcsampleis&mconvcxwdmhydmgenmlﬁde(}gS)byaciﬁﬁcaﬁm‘
with hydrochloric acid at room temperature. The H,S is then purged from the sample
and trapped in aqueous solution. 'I‘heatmoumofsulﬁdelhnh:sbwntrappedisthen
determined. 'I‘heSEMamselectedmmklibenwdﬁommewdimentdm'ingtbe "
acidification. These are determined after filtration of the sample. : :

2.2 TwotypuofapparamsfasamplepmgingmdmppingofHQSmdcsaibdd One
uses a series of Erlenmeyer flasks while the other uses flasks and traps with ground
glass stoppers. The former is less costly. ‘Ibelanaislesspmnetolcakagcthatcam
low recovery of AVS. Thehnerisrmmmdedwbenhigherdegreaofpmcisionm
desired and for samples containing low levels of AVS., |

23 ansofqmnﬁfyingtheﬂzsrdasedbyaciﬁfyingthesamplemm
' Thceolaimaricmd:odismnypufmed. Ind:emvimeu-icMne,thest
: isnppedh,sﬂvanimnesilvasulﬁdeﬂmisfamedisduuuinedbywdghing

(1, 2). This procedure can be used for samples with moderate or high AVS
concentrations. Below 10 umoles AVS/gram dry sediment, accuraCy may be affected

by incomplete recovery of precipitate and by weighing errors. In the colorimetric
method, the H,S is trapped in sodium hydroxide. The sulfide reacts with N-N-
dimethy-p-phenylenediamine to form methylene blue that is measured (3). This
procedure is capable of determining AVS conceatrations as low as 0.01 Hmoles/gram

dry weight of sediment. By appropriate sample dilution, the maximum concentration of
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2.4

AYVS which can be determined is at leat 1000 pmoles/gram dry sediment. In an
dmrmﬁvc]roeedmetheﬁzSisnppedinmanﬁoxidantbuﬁebcfmusingmbn-
selective electrode (4, 5).

After release of the H,S, the acidified sediment sample is membrane fiered before

determination of the SEM by atomic absorption or inductive coupled plasma
spectrometic methods (6, 7).

DEFINITIONS

3.1

3.2

3.3

34

3.5

3.6

3.7

3.8

ACID VOLATILE SULFIDE (AVS)- AVS is operationally defined as sulfides that form
hydrogen sulfide under the conditions of this test. This includes amorphous,
moderately crystalline monosulfides, and other sulfides (8).

SIMULTANEOUSLY EXTRACTED METALS (SEM) - SEM are operaticnally defined
as metals, commonly cadmium, copper, lead, mercury, nickel and zinc, that form less

soluble sulfides than do iron or manganese, and which are at least partially soluble

under the conditions of this test.

METHOD DETECTION LIMIT (MDL) - The minimum concentration of an analyte that -
can be measured and reparted with 99% confidence that the analyte concentration is
greater than zero. The MDL is determined from the analysis of a sample that consains

the analyte within a given matrix.

LABORATORY REAGENT BLANK (LRB) - An aliquot of reagent waser or reagents

that is treated exactly as a sample including exposure to all glassware, equipment, and

reagents that are used with samples. The LRB is used to determine if method analytes

or other interferences are present in the laboratory environment, reagents or apparatus.

S'lUCKSTANDARDSOLUHON-AEon@nnmdsoluﬁonofdnmﬂyepmpmdin
the laboratory using assayed reference compounds or purchased from a reputable
CALIBRATION STANDARDS - Solutions prepared from the stock staadard solution
that is used to calibrate the method response with respect to analyte concentration.
LABORATORY FORTIFIED BLANK afB)-Anaﬁquotdmgemmamgmts
0 which a known quantity of the method analyte is added in the laboratory. The LFB
is analyzed exactly like a sample. Its purpose is to determine whether the method is
within accepted control limits.

LABORAIURYNRHFIH)SAMPLBMATRD((IFM)-Menvimnmnlmlew
which a known quantity of the method analyte is added in the laboratory. The LFM is
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‘.

analyzed exactly line & sample. Itspurposeistodeu-minewhcd:adxsmmlcmmix
comribuubiastotheanalitbalmqﬂni. :

INTERFERENCES

4.1

5.2

5.3

Contact with oxygen must be avoided in all stages from sampling to analysis.
Cmsequazdy,d:esampl«mdmndandssbqﬂdbepueaed&umﬁrﬁmmeﬁmd
nnplingthmughmcmalyﬁmlplwam Msanbeachievedbydewadngiand
mﬁnuiningtbeumphsun&niuogmonrgonnaﬂﬁtm S

qninniningaammuwmﬁkofOSHAmgnhﬁmsmgudingdnsafehandﬁng
of the chemicals specified in this methocL Amfmﬁlcdmtuialsafetydamsheas
shmﬂdbeavai]ablemanpasonndinvollvedinthechemicdmalysis.- -
Hydrogm&ﬂﬁdeisahigmypoisonous.gaseomcompoundhavingachmwisdc
odor of rotten eggs. It is detectable in air by humans at a concentration of
approximately 0.002 ppm. Handlingofackisanplashonldbepafa‘mdintbooda{
well ventilated area. Ifahighmnmiondhﬂmgenmlﬁdeisdaectedintbeaiby
thehboumrystaff,samplchandlingpmmdmmbcm According to Sax -
(D)mxirconccnuaﬁonoflcppmoszsispcxnﬁmdfcrmSbourshiftfor40hom
per week.

procedures to minimize wotker exposure must be followed.

APPARATUS AND EQUIPMENT

6.1

6.1.1 AVS evolution and H;S trapping - Glassware in Section 6.1.1.1is
recommended. Glassware in Section 6.1.1.2 may be used, but will not provide
as high precision or accuracy for samples. |
6.1.1.1 For highest precision and low AVS levels - For each analytical train

500 mL gas washing bottles or oxygea trap, one 250 mL round
bottom flask with a septum (Ace Glass 6934 or equivalent), 100 or
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250 mL impingers with non-fritted outlets. The round bottom flask
contzins the sediment and acid is introduced o it by a syringe inserted
through the septum. - The flasks are connected by tbing. Because
sulfide may react with tubing and other surfaces, minimum lengths of
wbing should be used as slieves to connect the glass tubing. The
analyst should pay particular attention 1 the recovery of sulfide from
standards in evaluating the apperatus. In all cases the inlets are below .
the liquid level and the outlets are above the liquid levels. The
apparatus is assembled as shown in Figure 1 and more than one
analytical train can be connected 10 a single cylinder of nitrogea or
argon if flow controllers are installed in the line. Different amounts of
glassware are required for each of the three means of sulfide
determination.

Figure 1. Apperats for AVS desermination: 1. N; or Ar cylinder; 2. Gas washing bottles: (2)
oxygea scrubbing solution or an oxygen trap may be used in replacement of this gas washing
bottle, (b) deionized water; 3. Three-way stopcock; 4. Flow controller; 5. Reaction flasi; 6.
Magnetic stirrer; 7. Impingers with non-fritted cutless.

6.1.1.2 For routine analysis - Erlenmeyer flasks, 250 mL, are substituted for

AVS and SEM Procedure

the gas washing bottle, the round bottom flask and the impingers.
The flask size should be consistent with sample size and reagent
volumes. A thistle tube fitted with a stopcock or a separatory funnel is
provided to introduce acid to the flask containing the sediment sample.
This flask is fitted with a three hole stopper. One hole is for the thistle
tube or separatory funnel and the other two are for the gas inlet and
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should pay particular attention to the recovery of sulfide from
standards in evaluating the apperatus.

5.1.2 Evaporating dishes, porcelain, 100 mL.
6.1.3 Assamdcnh'bratedpipmsmdlvohmeuicﬂash. _
6.2 Drying oven - Capable of mamtmmng a4 coastant temperature in the range of 103-

6.3 Analytical balance - capable of weighing to 0.0001 g
6.4 Magnetic stirrer, thermally insulated, and Teflon-coated stirring bar.
6.5 Gravimetric method
6.5.1 Filtering flask.
6.5.2 Filter holder for 47 mm filter.
6.6 Colorimetric method
6.6.1 Spectrophotometer - Capable of:msninglmumm
6.6.2 Spectrophotometer cells.
6.7 lon-selective electrode method

6.7.2 Sulfide selective electrode.
6.7.3 Double-junction reference electrode.

6.8 Amuﬁcabsaptionaindmdwcoupkphmmopbmfathedemuﬁmﬂma
- SEM. '

7. REAGENTS AND CONSUMABLE MATERIALS

7.1 Anwaterandrugcntsusedipthismetbodmuabeﬁeeofdissolvedoxygenmd
sulfide. Fruhtyprepamandmedmmd.deioniﬁmbymﬁngdissohcd :
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oxygen from the deionized water by vigorously bubbling with oxygen-free nitrogen or
argon for approximately one hour. Deaerate reagents immediately before use by

deacrating with oxygea-free nitrogea or argon.
7.2 Sodium sulfide standard - Required for quality assurance and calibration.
7.2.1 Sulfide stock standard solution, approximately 0.05M or 50 pmoles/ml_.

7.2.1.1 WexghaboutlZgnmofNazSSleOmddxssolveumlml)mLot'
deionized water. Store in a brown bottle. To prevent air oxidation,
d:emlﬁdedmshonkibemammnedundamygm-ﬁeemuogm
or argon. .

7.2.1.2 Snndndxzeagnixmthiosnlfuesolntim.

7.2.1.2.1 Pipette 10.00 mL of 0.025N standard iodine solution
(Section 7.2.2) into each of two 125-mL Erlenmeyer
flasks,

7.2.1.2.2 Pipette 2.00 mL of sulfide stock standard solution into one
flask. Pipette 2.00 mL of deionized water, as a laboratory
reagent blank, into the other flask.

7.2.1.2.3 Add 5.00 mL of 6M HCl into each flask; swirl slightly,
then cover and place in the dark for § minutes.

7.2.1.2.4 Timrate each with 0.025N thiosulfate (Section 7.2.3) until
the yellow iodine color fades  a pale straw. Just béfore
all the iodine has been titrated, add starch indicator
(Section 7.2.4) dropwise to form a pale blue color.
Continue the titration with the thiosulfate. The end point is
reached when the blue color first disappears.
7.2.1.2.5 Cakulate the sulfide concentration as follows:
Tu-* -T XN 2-
Sulfide ( 1/mL) = ( -wb) s,0f lmoles.x‘l(n)umola
‘ Veample 2 equiv ¥ 1mmole
where T = volume of titrant used for the blank and sample (mL.)
N = concentration of S,03" titrant |
VY = volume of sample used (mL), 2.00 mL recommended

7.2.2 Standard iodine solution, 0.025N - Dissolve 20 to 25 gram potassium iodide,
KL, in a small volume of deionized water, add 3.2 gram iodine, and dilute to
1,000 mL. Standardize against 0.025N sodium thiosulfate (Section 7.2.3)
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7.2.3 Standard ;odihm thiosulfate solution, 0.025N. May be purchased
- commercially ar prepared in the laboratory. Standardize against potassium bi-

e

7.2.3.1 Weigh approximately 6.2 g of sodium thiosulfate, Na,§,0,-5 H,0,
into 2 500 mL beaker. Add 0.1 g sodium carbonate, Na, 00, and
dissolve in 400 mL deionized water, Pour into a 1.0 L volumetric

‘ flask and dilute to volume with deionized water,
7.2.3.2 SmMndiaﬁm against potassium bi-iodate, KH(O,),.
7.2.3.2.1 Prepare 0.00208M potassium bi-iodate by dissolving
' -0.8123. g KH(IO,),, previously dried 2 hr at 103-105°C,

in distilled water. Pour into a 1.0 L volumetric flask and
dilute to vollume with deionized water.

7.2.3.2.2 Dissolve approximately 2 g KI, free from iodate, in an
erlenmeyer flask with 100 w 150 mL deionized water.
Add 1 mLofGNsto‘aafcwdmpsofconccntmed,
H,S0, and 20.00 mL of standard bi-iodate solution.
DﬂuwaCl)mLandﬁmmelibmmdiodinewdmthe
thiosnlfatesohlﬁonmﬁlﬂnydbwcolorfadamaptk
straw color. ‘Ibennddacupledropsofsamhindicaarm
famapalebhncohrandconﬁnmmeﬁuaﬁonwithe
thiosulfate until the blue color first dasappears.. '
7.2.3.2.3 20.00 mL of 0.00208M KH(I0;), requires exactly 20.00
mL of 0.025N sodium thiosulfate. For an calculation of .
the thiosulfare concentration use the following equation:
N(s,0%) = $KH(10,), = 1mole KH(IO;), x 12 equiv KH(I0,), 1000 mL
mL S;05" * 389.9 g KH(IO,), Imole KH(I0;), ' 1L
7.2.4 Starch indicator - Dissolve 1.0 gram soluble starch in 100 mL boiling deionized
water.

125 Sdﬁdewﬁngmﬁaﬁs-hpanaﬂﬁdewutﬁngsandudsnsingmemlﬁde

' stock standard solution in Section 7.2.1. The concentrations of the following
mndml:wiﬂdcpcndmﬁwexanmmﬁmofmemlﬁdcsmcksandnd
determined in Section 7.2.1.2.5. Correct concentrations of the the standards in
thefoﬂowingpanofdﬁssecﬁonammcamomtofsulﬁdeinsundmdsnsedin
the colorimetric method in Section 12.2.5 by multiplying by a factor of the
concentration determined in Section 7.2.1.2.5divided by 50 pumoles/mi.
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7.2.5.1 Prepare sulfide working standard A by diluting 1.00 mL of sulfide
stock standard to 100.0 mL. This solution contains 0.5 pmole
s:lﬁdml.xfﬂ:cconcenmcnofﬂzsnlﬁdestocksmndaxdxsaaaw
0.05M. :

7.2.5.2 Prepare sulfide working standard B by diluting 10.00 mL of sulfide
stock standard to 100.0 mL. This solution contains 5.0 pmole
mlﬁddml.:ftheconcenmouofdlesnlﬁdcstocksandndlscnaly
0.05M.

7.3 AYVS evolution

7.3.1 Hydrochloric acid 6M - Dilute 500 mL of concentrated hydrochloric acid (sp.
gr. 1.19) to 1L with deionized water. Dearation of this solution as described in
Sections 7.1 and 11.4 is most important.

7.3.2 Nitrogen or argon gas, oxygen free, with regulator and flow controller. An
oxygen gas scrubber may be required and is available commercially or
deoxygenating solutions may be placed in the first flask or gas washing bottle in
the analytical train.

7.3.3 Plastic hypodermic syringe, 30 mL, and needle.

7.4 Gravimetric method

7.4.1 Potassium acid phthalate, 0.05M - Dissolve lozgofpoussxumamdphthalnc,
KHC4H ,O,, in deionized water and dilute to 1L

7.4.2 Silver nitrate, 0.1M - Dissolve 17 g of silver nitrate, AgNO,, in deionized water
and dilute to IL. Store in a dark bottle.

7.4.3 Glass fiber filters, 1.2 micron - Rinse with deionized water, then predry filters
at 103-105°C.

7.5 Colorimetric method .
7.5.1 Sodium hydmxide solution, 1M - Dissolve 40 g sodium hydroxide in 1000 mL
Jeionized
7.5.2 Sodium hydroxide soluuon. OSM - Dtssolve 20 g sodium hydroxide in 1000
ml deionized water.
7.5.3 Mixed diamine reagent, MDR

N 7.5.3.1 Component A - Add 660 mL concentrated sulfuric acid to 340 ml of
deionized water. After the solution cools, dissolve 2.25 g N-N-
dimethy-p-pheaylenediamine oxalate in it
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9.

7.5.3.2 Component B - Dissolve 5.4 g ferric chlaride hexahydrate (FeCy-6
H,0) in lmmLcmmnmmdhydrochhicaddmddﬂutetoZ{DmL
7.5.3.3 Mixed diamine reageat, MDR - Mix componeats A and B, |
7.5.4 Sulfuric acid solution, 1.0M - Dilute 56 mL concentrated sulfuric acid (H,50,)
to 1 L with deionized water. : : ’
7.6 Ion-selective electrode method

7.6.1 Sodium hydroxide solution - Dissolve 80 g of sodium bydroxide in 700 mL of
deionized water with caution. Cool to room temperature.
7.6.2 Sulfide anti-oxidant buffer (SAOB) - To the sodium hydroxide solution in

Section 7.6.1 add and dissolve 74.45 g of disodium ethylenediaminetetraacetic
acid and 3523 g of ascorbic acid. Dilute o 1L with deionized water.

SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1 Sulfide ion is unstable in the presence of oxygen. Protect sediment samples from
exposure to oxygea during sample collection and storage.

8.2 During storage sulfide can be formed ar lost due 10 biological activity and sulfide can be

- lost by volatilization or oxidation. Meunspeciaﬁa:md:mgeuammofchangsin

stﬂﬁdeooncennﬁonandasumltofmhachangxinmeample.

8.3 Samplcsshomldbemnectadinwidcmmhjarswithanixﬁmmofairspaceabowthe‘
sediment. If possible, the headspace should be filled with oxygen free nitrogen or
argon. The jar lids must have Teflon or polyethylene liners.

8.4 Samples should be cooled to 4°C as soon as possible after collection. Samples
maintainedamehawbeenfoundmhavenosigﬁﬁmxbsofAVSforsange
periods up to 2 weeks (3). Holdingtimcfasampluslmldnotexceedudays.

CALIBRATION AND STANDARDIZATION

9.1 Calibntetbephowmctcxwithanﬂnim:moffowmndndsmdablankthncovcme
expected range of the samples. Prepan:aulibnﬁonyapbmhﬁng'absa'bancebthg
Hmoles of sulfide taken.

9.2 Cah'bmmrhemﬂﬁdeeleéuodcsyswmwithaminimmoﬁhmemndmdsthnmﬂn
expected range of the samples. Standan:!snmstbemadeup.in SAOB diluted 1+1 with
deionized water. Follow the manufacturer’s instructions for use of the clectrode.
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9.3 Ovenll sulfide recovery is determined by analysis of a known amount of sodium
sulﬁdesmndardaddcdwdclomzedwuaﬁomwhmhtbcmlﬁdexshbeamdmdw
analysis train (LFB). Recoveries of 95% + 10% are expected.

10. QUALITY CONTROL

10.1 Eachhbatmusmgdnsmethodzsreqmmdmopaamaformlthtymd(QC)‘
program. The minimum requirement of this program consists of an initial
demoastration of laboratory capability, and the analysis of laboratory reagent blanks,
fanﬁedblanksmdfomﬁedsampkstsaconunmngcheckonpafamnce. The
hbauxyurequnedtomammpufmmemdstbudeﬁnethethtyddan
thus generated.

10.2 INITIAL DEMONSTRATION OF PERFORMANCE

10.2.1 The initial demonstration of performance is used to characterize instrument .
performance, method detection limits, and linear calibration ranges.

10.2.2 Method detection limit (MDL) - The method detection limit should be
established for the analyte, using deionized water (blank) fortified at a -

- concentration two to five times the estimated detection limit (10). To determine
MDL values, take sevea replicate aliquots of the fortified reagent water and
process through the entire analytical method. Perform all calculations and
report the concentration values in the appropriate units. Calculate the MDL as
follows:
MDL =t x s

wh:n:,tssmdcnts’tvalucfaa%%conﬁdencelcvdandasmndaxddcviaﬁm
estimate with n-1 degrees of freedom (t = 3.14 for seven replicates), and

s=standarddcviationoﬁherepliat§amlym

Method detection limits should be determined every six months or whenever a
significant change in background or instrument response is expected.
10.2.3&naruh’bnﬂonmngu-muppeﬁnﬁtofdzﬁmaﬁhﬁmmgcshouh :
be established by determining the signal responses from a minimum of four
different concentration standards covering the expected range, one of which is
close to the upper limit The linear calibration range that may be used for the
- analysis of samples should be judged by the analyst from resulting data. Linear
calibration ranges should be determined every six months or whenever 2
significant change in instrument response may be expected.
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10.3 ASSESSING LABORATORY PERFORMANCE - REAGENT AND FORTIFIED
BLANKS o
10.3.1 Laboratory reagent blank (LRB) - The laboratory must analyze at least one
lahmmxymgembhnk(Secﬁon&@wimachaofsmph Reagent blank
dammusedmassssconcnnimﬁou&omthehbormeuvimmmd'
reagents. Ifmanﬂymvahuiintbemmbhnkexceedsiad@auﬁnedbﬂ)l.
d:enhbaatayarugmtcounnﬁmﬁousbonubemspeced. Any determined
mcedconunimﬁm:honldbemwdmdthemmynd.

10.3.2hbauryfuﬁﬁedbhnkaiFB)-1hehba\mmmﬂynnhsme
hbamyfuﬁ&dbhnk(Secﬁon&Dwithwhaaofmample& Calculae
Wumm..nmwﬁmmmmmm
control limits (Section 10.3.3).d1elmlyteisjndgdmheomd'contml,md
mesmdmepmblunsbmxldbeidenﬁﬁedandmolvedbdacconﬁnuing'.

10.3.3 Until sufficient data become available from within their own sboratory (asually
A minimum of twenty to thirty analyses), the laboratory should assess
labmmpaformanceagainszmcoveyﬁnﬁtsofwlos‘i. Whea sufficient
internal performance data becomwlihble,dembpcoqmlinﬁuﬁomme :
meanrwovuy(x)andmeminddwiaﬁm(s)oﬁhemmay. These
dataareusedbmblishuppenmdbwmdlinﬁuufdlows:

UPPER CONTROL LIMIT=x + 35

LOWER CONTROL LIMIT = x - 3s
Afmreachﬁvemtmnewreoowuymmnemts,uewcmﬁollinﬁsshonldhe
celculmedusingonlytbemosuewmtwmtymthhtydmpoims.

10.4 ASSESSING ANALYTE RECOVERY - LABORATORY FORTIFIED SAMPLE
MATRIX ‘ '
10.4.1‘1helaba1n:ymustforﬁfyamiinimvdfw%dmetmﬁnea@hs or one

fortified sample per set of 20 samples, whichever is greater. At least one
sample from each source should be fortified. Ideally, the concentration should
&t least double the background concentration. Over time, samples from all
routine sample sources should be fortified. ‘

10.4.2 Calculate the perceat recovery for the analyte, corrected for background
concennadmsmsmedinthemafaﬁﬁedample.mdcompanthuevalmb
the control limits established in Section 10.3.3 for the analyses of LFBs. Spike
movayeabuhﬁommnotrequhedifmespikcmmishsthanl%
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of the sample background concentration. Percent recovery may be calculated in
units appropriate to the matrix, using the following equation: ’

Rz(c'—;c‘lxloo . ' : ’

where

R = perceat recovery,
G, = fortified sample concentration,
C, = sample background concentration, and
S =concentration equivalent of the fortified sample.
10.4.3 If the recovery of the analyte in the fortified sample falls outside the designated
range, and the laboratory performance on the LFB for the analyte is shown 1o

be in control (Section 10.3) the recovery problem encountered with the fortified
sample is judged to be matrix related, not system related.

11. GENERATION OF H,S

11.1 Assemble glassware according to the detection method to be used. The setap in Figure
1 should be followed as a general guide. In all cases a flask or gas washing boule
containing a deoxygenating solution may be placed in the sample train between the
nitrogen or argon tank and the first flask  Glassware is specified in Section 6.1.1. Itis
recommended that nitrogen or argon be controlled by a flow controller, but an
equivalent flow rate may be regulated by a clamp and bubble rate determined. In all
cases the glassware will minimally consist of a H,S generating flask and a series of
traps. .

11.1.1 Gravimetric method - The first flask contains the sediment sample or standard.

The second flask contains 175-200 ml. of potassium hydrogen phthalate reagent
7.4.1 as an HQ trap. The third and fourth flasks contain 175-200 mL of silver

nitrate reagent 7.4.2. If glassware specified in Section 6.1.1.1 is used, the
second flask is a gas washing bottle and the third and fourth flasks are

11.1.2 Colorimetric method - The first flask contains the sediment sample or standard.
The second and third flask contain an absorbant of 80 mL 0.5M NaOH reagent
71.52. If glassware specified in Section 6.1.1.1 is used, the second and third
flasks are impingers.
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11.4 Using a 30 mL syringe, inject 20 ml of 6M HCL, which has been bubbled with
uiuogmorngongasforwminumuinm!hemﬂlmughtheseptum.'lfthc
apparatus described in Section 6.1.1.1 is used, add the HCI from the thistle tube or the
separatory funnel. Bubble nitrogen or argon through the sample for 1 hour ata

, ﬂomofmcm’/minmdmgne&aniys&meampleamemﬁm

lljmmmhmtwwﬁemmmmm
Section 12, , ‘ .

12. ANALYSIS OF SULFIDE
12.1 Gravimetric method .
12.1.1 Insure that the final trap, the second silver nitrate trap, contains no precipitate.

12.1.2 Filter the silvusulﬁdeconminaiintheﬁrstmlﬁdctnpﬂnough a preweighed
1.2 micron filter. Rinse filter with deionized water. Dry at 103-105°C and
weigh. )

AYVS and SEM Procedure December 2, 1991 page 13




12.1.3 Calculase the amount of silver sulfide as the différence between the weight of
 silver salfide and the filter and the weight of the predried filter.
12.1.4 Calculate the amount of sulfide in the sample:

Sulfide in wet sediment (moles) = %%S-xm‘

12.2 Colorimetric method

12.2.1 If the AVS conceatration is low so that the sulfide contained in the tube trap is
less than 15 pmoles, add 10 mL of the mixed diamine reageat (MDR) directly ©
the NaOH solution in each trap tube 1o develop the color. Transfer this solution
¥ 2 100 mL volumetric flask and dilute 10 the mark with deionized water. If the
sulfide contained in the NaOH in the tube trap exceeds 18 jmoles, transfer the
NaOH in each tube trap to a 100 mL volumetric flask. Rinse the trap with
deaerated 0.SM NaOH and dilute to volume with NaOH. An appropriate
volunn:ﬁqumdthissoluﬁmisusedfa’themalysislnthismmealiqm,
is transferred to a 100 mL volumetric flask, sufficient 0.5M N2OH is added so
that the total volume is 80 mL, 10 mL MDR is added, and the solution is diluted
t0 100 mL with deionized water. Use of sediment samples smaller than 1-2
gamisnotmcommaﬂeddmnmlﬁdeoﬁdaﬁonmdumplehaaogencity.-

12.2.2 After 30 minutes, but before two hours have elapsed, measure the absorbance
of light at 670 nm using a half-inch diameter or 1 cm rectangular

spectrophotometer cell.

12.2.3 If the absorbance of the sample is greaser than 0.6, dilute 10-fold with 1.0M
H,S0, and compare to the high range calibration curve.

12.2.4 Normally, the sulfide concentration in second trap tube is close to the blank
vdnehdﬁspoeedmeandisnaﬁgniﬁminulcuhﬁn:themmﬁmof
sulfide. Ifa:igniﬁamcolaisdcveloped.lheﬂowmmdamamtafsulﬁde
in the standard or sediment should be checked :

12.2.5 Prepmﬁondalibnﬁonm-mwmmsdsdﬁﬁemhasdm
a 0.05M concentration of the sulfide stock standard solution. The procedure
indicated in Section 7.2.5 should be used to calculate the exact amount of
sulfide in each of the standards.

12.2.5.1 Low range calibration curve - 0.0 - 2.5 pmoles S2- (0.0 - 80 g s?)

Add 80 mL 0.5 N sodium hydroxide to each of a series of 100 mL of
flasks and add 0.00, 1.00, 2.00, 3.00, 4.00, and 5.00 mL of sulfide
working standard A to these flasks. These samples contain 0.00,
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0.50, 1.00, 1.50, 2.00, and 2.50 umoles §2-, respectively. Add 10.0
mL of MDR © each and dilute © 100.00 mL with deionized water.
After 30 minutes, measure the absorbance at 670 am.

12.2.5.2 High range calibration curve - 0.0 - 20,0 ymoles S
(0.0 - 640 pg S2) |

Add 80 mL 0.5M sodium hydroxide in 100 mL flasks and add 0.00,
1.00, 2.00, 3.00 and 4.00 mL of sulfide working standard B to these
flasks. These samples contain 0.0, 5.00, 10.00, 15.00, and 20.00
pmoles 52", respectively. Add 10.0 mL of MDR and dilute o 100.00
mL with deionized water. After 30 minutes, dilute the solution 10-
fold with 1.0M H,SO,, and measure the absorbance at 670 am_

12.2.6 Cakulate the amount of sulfide (1moles) in the sample from the calibration
curve, IfmetotalvolnmeofNaOHindnnpwasnotusedintheandysis,
account for the portion tested.

112.3 Jon-selective electrode method

12.3.1 Calibrate the sulfide clectrode and meter according to Mnfacm's
recommendations, usieg sulfide standards prepared in SAOB reagent 7.6.2
diluted 1:1 with deionized water.

12.3.2 Transfer the contents of each sulfide trap into a 100-mL volumetric flask. Rinse
themwiﬂ:ddmizedm,,:ﬂdingtheﬁmmd:evolmicﬂnsk. Dilute
to volume with deionized water. ' :

12.3.3 Pour contents of volumetric flask into a 150-ml beaker, add a stirring bar and
Place on stirrer. Begin stiring with minimum agitation to avoid eatrainment of
air into the solution and minimize oxidation of the sample during the
measurement. v

12.3.4 Rinse sulfide and reference electrodes into waste container and blot dry with
absorbent tissue. Immerse electrodes in sample solution.

12.3.5 Allow electrode respoase to stabilize (8-10 minutes), then take messurement of
sulfide concentration. Depending on the meter used, the reading may be
drecﬂyincomenﬂaﬁouunimifd:e@uisinﬂnmmmmdemda}
point calibration has been performed. If the readings are in millivolts, convert
ninivolts»concmmﬁonusingdieuﬁbnﬁonmobuimdﬁomsnndmd |
solutions. ' |

12.3.6 Calculate the amount of sulfide (umoles) in the sample.
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14.

CALCULATION OF AVS CONCENTRATION IN SEDIMENTS
13.1 The sediment dry weight/wet weight ratio (R) must be determined separately. Acid
volatile sulfide can be oxidized or altered to non-volatile forms during drying.

13.2 Transfer an aliquot of the sediment to a tared 100-mL tared evaporating dish. Weigh
the dish plus the wet sediment. Calculate the wet weight of the sample. Dry the
sediment at 103-105°C and weigh. Calculate the dry weight of sediment.

13.3 Determine the ratio of dry weight to wet weight for the sediment sample:

W :

- i
RW

where R = ratio of dry weight. to wet weight,
W4 = dry weight of sediment sample (g), and
W, = wet weight of sediment sample (g).

Also, the weight of water, W,,_., taken in a sample for AVS analysis can be calculated.
If the weight of the wet sediment sample taken for the AVS analysis is W, . the
weight of water contained in the sediment sample would be

Wesw = Wyu - RxW,,,)

The volume of water in the sample equals the weight of water, assuming the density is
near unity. .

13.4 Compute the sulfide concentration per gram dry weight of sediment:
AVS (umoles/g) =

RxW,
where S = the amount of AVS in sedimeat fimoles) from Section 12.1.4,
12.2.6, or 12.3.6, as appropriate,
R = ratio of dry weight o wet weight from Section 13.3, and
W, = wet weight of sediment (g) taken for AVS analysis.

13..? The QC data obtained during the analysis provides an indication of the quality of the
sample data and should be provided with the sample results.

DETERMINATION OF SIMULTANEOUSLY EXTRACTED METALS (SEM)

14.1 After the generation of sulfide has been completed, filter the sediment suspension
remaining in the H,S generation flask (Section 11.4) through a 0.2 p membranc filter
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tbeuﬁnsedwithdcionindwwpriormuse. ,

14.2 Transfer the filtrate 1 a 250-mL volumetric flask. Rinse the filtering flask with distilled
water, adding the rinses to the volumetric flask. Dilute to volume with deionized water. -
mevolmncuicﬂasksshonklbesqalzedino.lMHNO,.thenﬁnsedwimddonimd ’
water prior to use. Samples should be analyzed within 2 weeks. ' -

14.3 Detauﬁmthecowenmﬁmsofmlﬁdezbindingmkdinmmdmosewhkh,ma
molar basis, are present at more than 1 perceant of the AVS concentration. Do not
imlndehonandmgmmwhosesnuidesmhcsabb&mmdwaﬂﬁdudmy
trace metals. MswhkhmaytypicanybehchﬂethEMmadnﬁmdopper,
leed,macury,nickdandm haddiﬁommﬁmny.ﬁmnmmm:mong
others, form insoluble sulfides. If significant concentrations of these or other metals
forming insoluble sulfides are present, their concentrations should be taken into account
in the computation of SEM. However, if these or other metals which are not divalent
are present in significant concentrations, the computation in Section 14.5 must be
modified to account for the stoichiometry. Metalconceunﬁonsnnybcdﬂmﬁnedby
by atomic absorption, inductive coupled plasma spectrometic, or another approved
method (6, 7). Calibration may be by the method of standard additions or by a
calibration curve. Ifacaﬁhﬁoncmw:isused.mauixmmndudswmluby
inch:dingZOmLofGMHOpclmmLformhoﬂhea!ibnﬁonmndm Coavert
Hg/L concentration values to umoles/.. Multiply the umoles/L by the solution volume
to obtain the pmoles of metal. , ,

14.4 Report the concentrations of each of the metals in the sediment on a pmole per gram dry
sediment (umole/g) basis. ‘

14.5 Calculate the ratio of SEM to AVS:

SEM _ Z![meal]

AVS AVS _ . v
where SEMislbesumofthecowennﬁonsofmls,![mﬂ,ﬁrmem

’; (e.8., cadmium, copper, lead, mercury, nickel and zinc) in Section 14.4 and
AYVS is the acid volatile sulfide concentration determined in Section 13.4, -

Bod:SEMandAYS:reexprssedonaumolepamdqsedimt(umoUg)basi&
Because metals preseat in the pore will be included in the analysis, the ratio could be
less than that if correction were made for this contribution. This will lead to a
conservative estimation of potential bioavailability (1).
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