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WfW IS SEDIhfEST SCIENCE OF INTEREST? 

* Rccord o f  gccofogical proccscs 'and indnstrial activities 
* Subtktics of Sand Reveal IIow Mounraiins Crumblc. 
Science 295.156-255 (2002). - Sedimentary rock structures 

Sedimenrary proccsscs are a precursor to petroleum 
formation 

* Mcflmc hydraic rccovcry - Sediment contamination prescnts environmental 

* Eiogcochemicaf transfofonnations. See rationalc given in US 
problems 

NSF call for proposals on Biogeochemistry: 
litrp://~~~.ww.iisf.go~~/c~-bin~~e~p~1h?ns~2 1 72 

Sediment Fate & Transport 

Groundwater Exchange 



MODELING A&&lVITiES I 
Models are needed to makepredictions about conraminant 
transpon and fate in sediments and soils. Tlicy nccd ia 
incorporate data taken a: a variety of size scales. 

Vie US EP.4 model i s  the "Multi-mcdin. muIti-pthway, mufti- 
receptor exposure and risk assessment (311iMr opert- 
architecture model. 

New directions: 1. sciunrc support rescarch acti.;ities focused OII 
improiiig. and ionking inore realistic, some ofthe esistiiig 
physical. cltetnicaI. and biological praccsscs algaritlims: 1). 
Adapting the methodology for ese at l a rpr  spatid scales . or for 
use in conccrt with Iu3cr spatial scale inodeling systems: anti 3). 
adding provisions for applications to rrguIatoT support 
prablems. 

SOME RELEVANT SEDIMENT PROPERTIES 

Cantaminant n'istributions are hekrogcncouo in spatid 
distribution. 

Scdirxmts arc v e y  hetcrozrrieous in size and composkion. 

SPATML DISTRlBUTIOS OF COiiTkMIX.WTS IN NY/XJ 
HARBOR SEDIMENTS 
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TYI'ICAL SURFACE 
SEDIMENTS FOUND IN 
TEE Pow OF NYN 

Sediment Coinpos~tio~ vs. Depth 
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Scdim en1 Characteristics 

* Wide r'mge of gain sizes 
* A variety of analytical techniques are needed - Estrapolacion from p i n  size to lager scales is difficult 
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Sediment Size Distributions 

MAJOR OXIDE COiW'OSITIOS FOR NWXJ HARBOR 
SEDIMENTS: TRIPORTANT FOR BES'EFICIAL USE 
APPLICATIOXS. 

. . . ,  

Marked region is oplirnurn for 
cement pmductioa. A6ditire.i 
arc used :o rdjua scdimect 
composition to Ciis re$ioicn. 

.......... z ._ . . . . 
:DAHS IN SAND. SILTKLAY. AND CLAY 

Metal Concentrations vs. 

APPLICATIONS OF SYNCI.IROTRON X-iUY 
TECHNIQUES IN SEDIMENT SCIENCE 

We h a w  seen that the sediments arc heterogcrieous ... 
We need wried techniques for the studi es... 

&Gcroscopy. SIMS. standard chemical methods. MS, laser 
microscopy. electron microscopy, s rays hom !&oratory and 
synchrotron soiirczs have been widely agplied . 
Essemplcs of the applications of synchrotron x- rq  analyses 
10 SedirnenFsciencc arc given here 

EPA recognizes the power of the synclirotron method 
through support ofthe ENWROCATgmup at the 
Argonnc National Laboratory. 
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BEAM LLVES AT THE LEXL ADVANCED 
LIGHT SOURCE 

_ ~ I - x  I “ .  I -- 

--.- .ai_. 

S’I‘EPS FOR DOING AN EXPERIMEST AT A 
,VNCNKOTROS X-RAY FACILEW: 

* Dcfinc tIic expcrnne:tt. teclutique. mcl justification for use 
of a syclirofrcn x-ray sourcc 
0 Select the synchrotron faciliw and the prapcr beam linc - Apply for timc as a gcncral user (can be in collaboration 
with beam h e  personnel) iiu cost for usc ofthe facility. 

Beam time scheddole following approval oiproposal 
TrascI to facilit) rutcl perform expcrinient 

* End-of-nn cva1nn:ion 
* Piblhli rcporripapcr 

Kofc tltat somc facilities \\\ill pay for travel costs. Nntably. 
the ESRF w4l sopport chperilncntcrs from E6 countlies 

KIST SRM 194.4. NYKJ narbor Sediments. 5.5 S I 

I 
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S-RAY COMPLWEED trtUORESCENT X-RAY 
TQMQCRAPHY: ESRF IR-iK. Witlt 8. Vekemans. L. 
Vinezc. I. Szaloki, F. A d m s .  R. Van Griekenen, u d  C. %eke!. 

Tiis experiment iiivestigatcd the distribution of metals in 
single sediment particles. It showed that metals in s o m  cases 
wwc present on tlie particlc surface at isolated positions. bu: 
were not concentrated in a bioElm coating. Metals were also 
distributed in different tvays tlirougli what i s  possibly an 
agglomeravo of severat particles. 

S X-RAY MICROSCOPY AT THE ESRF 
TD 21 BEAM LIKE 

S-RAY FLUORESCENCE MICROPROBE: NSLS 
XXA BEAM LINE. With S .  Song and A. Lattzirotti. 
hfe\.lcasuremcnts wwc made on sediment grains with sizes 
$ream : h i  about .OS0 mm. Concentrations in die single 
points measured wry widely. but werc obscnvd in a 
majority of the particles investigated. Scans and maps wcrc 
made on soine of the particles in an effort to detect any 
surface enbancement rcsidting from pai%itioning of thc mctals 
to a surface biofilm. but no stroztg evidence was found to 
substantiate this possibility. W e  plan to invesli(;a:c tliis 
furthcr with smaller s-ray bems  and improved sample 
prcparatian. 
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NIST SRM 1944 - NYNJ WATERWAY 
SEDIMENTS - S.  NI, CU, ZN, PB. AND SR 

A L W A S  
I-IEA LTH 
EFFECI'S OF HG 

Studies OLI gopitlatioiis 
in the fixme nnd 
Seychelles Islands 
rendicd different 
conclusions. W e  used 
itair concentrations as 
3x1 indica:ar for 
possible differences in 
FIg dose in tlis two 
studies 

-1.. 

I FTKR SPECTRA FOR Wt:hIIC ACID. AlARINE 
SEDIMENT, AXD KEROGES 

AICII RESOLIITIOS F I'tRJIrtP OF ESTFMCT PROhI 
KYIM HARBOR SEDIMEKT AFTER 
DECONT4VINATlOK USNG A SEDIMENT WASHXNG 
TECHNOLOGY 
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UIGII RESOLCTIOS FTIR-MAP OF EXlXACT FROM NYfi’d 
HARBOR SEDIMENT AFTER DECONTABILVATION USING 
A SEDIMENT WASHWG TECHNOLOGY 

CONCLUSIONS 

7. N.mra1 =dimenby organic matter of humic aeids,fulvicacids. mcient 
kcrogcn. and modcm mrinczedimenls are domirwla3 by homicacidid-likc 
structures intiicMRnpcctm butdiHcrfmmc3chomerinmerehtivc 
abundance offunctional groups. 

2. NY!NJ H~rhDr~edirn~nu ;rrccon?aminaed Lyvwious organic compwndr. 
but largory by aliphatic hydrocarbonr and unknown nitmgan sonbusing 
mntcrialawith a 4nm11 panion of PAHs. TIiU%eonWrninatcd Infimcntrwn bc 
clcvrly idantificd and shJmnorized byuring FTIR techniques. 

4. Tho use-f synchrotren IRmicratcopyprovidcs very useful informaiwn on 
thc spatial r~riatition of thefunctional groups and organic components 
lhmughouta small section of the scdiment, and dcmondntcr, how 
micrometer-smlerneps w n  help in identification ofme origin of tha 
contaminants. 

FUTURE WORK 

Altlioirgh tllisworli itas atahiished :x generirl model fix these 
contirninakd aud tnicontaminnted redimems based an their i n f r a 4  
absorption features, wc stili need to know the e x x t  types and nmount 
of orgnnic confiiminanrs, as well as rhc n:rttm: or the interacrion of 
tboe conmrnirmm wiIh the nainrat oqnnic msflcr and sedirncrit 
particles. 

To rfe:trlg ch~mctcrke lite & e m i d  propertics :ind source nf thcrc 
orgnriic conciminxnrs tire cliancterizntion of the water-soluble. 
o~nnic-soiuent-solnbbio and the insoluble nrpnic rnnncr frxtions in 
tho sudiments are nt!ress:tr?: 3s wc!ll :IS tIwirdislribrrtiuns :I$ :I 
function of sediment particle size rnofcrrrim wdght. 

The IISF of high-moliiiion synchrotron FFIR :eclrniqurtr is an 
essentinf tool for cxeeutinS tltesc investigations. 

r‘m initial look at natunl anenuan’onlbioremcd~ation in 
sediments from Sewirk Bay nt Saoth Kcaniy Point has hoen 
started. Bioremediation mny have applications in sedim-nts 
storod in confined disposal filci1ilie.s or used in ecosystem 
restoration projects. 

rcleyers. R. E.. and Q’illiford. C. W. (2000). -‘Concep:s a i d  
technologics for hioremediation in Confined Disposal 
Facilities.” DOER Tcchriical Nom Collection (ERL)C Tf.;- 
DOER-C1 I). U/S. ..2nay Engineer Research and Dcvclopment 
Cattcr. Vickburg, MS. ~nvw.wcs.mil~clMot~doer 

I 
11ic eyerisncntd objective is to evaluate the rate of natunl 
attenuation for organic compounds undcr differcnt conditions 
for electron donors and acceptors. 

Emphasis is on the role oFsulfatc reducing bacteria (SRR) 
under anaerobic conditions. SRBs c311 dcszoy organic 
compounds and infiuonee thc speciation of heavy merals. 

Samples includc control. addei sulfato (acceptor). addcd 
acetate (donor). and addcd sulfatc and aceiatc. 

Tests include most probable number tesl (MPKj to deienninc 
the number of endogenous bacterb. tire BioMet test to ;%say 
hioawilability and biorosicity. and syncitronon FTR to 
investigate changes in functional groups. 

KATURAL ATTENUATION / 
REMEDIATION OF I\rY/NJ 

EtARBOR SEDIMENT 

Aims o f  the project (ongoing): 
-Improve the quality of sediment by the 

activity of natural microbial populations 
or addition of polymers 

* Immohilimtion of heat.). metaIs 
* Degradation 1 trapping of orpnics 

-Determine optimal storage conditions or 
alternative uses 
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MICROBIAL POPULATIONS X N  
SEDIMENT 

I 
JEVALUATI[ON OF TRIE, SRB 

POPULATION 

Strong decrease in redox potential accompanied by increase in 
the populationof SRBs 

BASIC BXOMETO PROTOCOL 1 

. d Y  -&, 
1 viall5 mi RM 

USE OF BIOXlET SENSORS TO ASSESS THE 
QUALITY OF SEDJhlENTS AXD BENEFIClXL 

USE PRODUCTS 

EVALUATION OF P ~ ~ S ~ ~ ~ C ~ E ~ ~ ~ C A ~  

ATTEKUATXON 
PATWMISTERS - NATURAL 

After 7 weeks a strong 
reduction in Zn 3ioavailahili:y 
is observe3 for all condkions 

111 1- 

nr' 

-..,e 
.IW,il , ,idi . i .11,,, ,..: 

il, ,- Strongest decrease in 
redox potential 

observed when bot!! 
elecfron donor plus 
acceptor are ao'ded 

. v  :, . - 1 1 1  c 
.., . I ln:., . ,. ..I. 

EVALUATION ~ - ~ 4 ~ ~ T ~ ~ S  - 
PRYSICOCHERIICAL, TREATMENT 
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EUUCATIOXAL .&W O'IITREACEI PROGRAMS 

The results of sediment science inust be disscminatcd to 
scvcral audiences if +hey me to be usefuk 

Scientific. an_ciocering. and regulatory coinmunilics for 
incorporation in remediation projects. risk ssessntent. 
pianning work. etc. 

Science educatioil at all levels 

Community outreaclii'education for gaining support for 
onvironmmtal prqiects. 

I I 

I I 
CXVIRONHENT.4L EDVCATION AT HIGH SCHOOL 
AND .JIJNIOR COLLEGE LEYELS 

COMMCSlTY OUTREACW AIEETING IF! BRQOKLIX, IVY I 

SUMMARY :WD CQRCLU§IOXS 

J~ivesti~ations of sediment properties is a i d 4  by 
mcasuremeots on tile nolccular- and grain-size scalcs. 

Tile resuits cat] be used lo improve models for f i le Me aid 
transpurr of contaminants at larger size scales. 

Similar experiments can be conducted on Latvian scdimcrirs. 

Sediment problems esisl around the ivo:ld. Coopcra:ive 
csperimenls bc c'arried out with other instihidons in 
Europe and elsowhere. 




