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AIISTP.ACT 

Principal corr.poEHMir.s anaLysis shouijd chat che congener profiles of PCDD/PCDF compounds 
were diffcrotu in .MJif.ice r.edimtnt. samples frora l^ke Champlain as compart;d t.o Lake George, 
fliphcr lend levils ufrr: al.'JO found in the Uikc George samples suggesting that emissions froa 
V-owor boatr. -JCVI' m'j.y<.:>u::\\i\i: for t.he PCDD/l'CDF contarainacion in this lake. In Lake ChumpLaiii 
iiio:;t. corti and :.urf;j<:(r .'i.Tinpler. had higli OCDD ronccntracions (3.3 tc 18 ng/g) suggescing that 
^.ir.i. disposal piaci.i.:e;; lOr ash may bc responsible for the contamination. 

INTRODUCTION 

L.ikcs George and Champlain are two large freshwater lakes in New York State. The general 

water flow ii; from nuith to south, and tht; northern end of Lake George is connected Co che 

southtitn end of Lakv '•haraplain via Ticondcroga Crcclc. The soudiern seccion of Lake George is a 

major recreational ,irf:a, heavily utiiir.ed by power boats. To a large cxcenc, these boats are 

equipped wicli 2 - s(. roV.e outboard motors fueled by leaded gasoline. Consequently, during coc-

l>»iscion the tccrachlofo • and tetrabromot thane scavengers present in Icadiid gasoline could Lead 

to concaralnacioM in tiû  lake with polyclilorinated- and polybrcrainaced dibenzo-p-dioxins fPCDDs 

and PBDDs) and polychlorinated- and polybrominated dihenzofurans (PCDFs and PBDFK). 

Pc-'er boats are not so prevalent on Lake Champlain. However, there was a kraft pulp ar.d 

paper mill in oper;tLion near the mouth of Ticonderoga Creek until 1970 when it was replaced by 

a modern plant near Kirby Point, four miles nortii of the creek. It is known chat the chlorine 

bleaching steps in che kraft process can result in the release of PCDD/PCDF compounds in wasie 

.streams from kraft pulp arid paper mills (Cltiment et al.. 1989). This study was undertaken ro 

determine if PCDD/PCDF compound.s had contiaminated sediments in the southern sections of Lake 

Champlain and/or Lake George 

KXPERIMENTAL 

Surface sediment samples were collect.cd at seven locations in che southern end of Lake 
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Jeorgc using a Tonar grab sairplcr on June V, 1989. On September 7, 1989. three core sanples 

jere taken in I^ike Champlain near the mouth of Ticonderoga Creek and s ix surface samples r.t 

"our loca t ions cover ing an area from three miles nor th of Ticonderoga Cr<;ok to t i a F o i n t , I'i 

a i les nor th of Ticonderoga Greek. The core samples vere Cakcn w i th a hand-held co re r 

: ons i s t i ng of l u c i t e tubing {'> f t x 3" i . d . ) at tached to a one-way va lv f on a 10 f t metal 

landle . 

On a r r i v a l at the labora to ry , the samples were s tored at it*C. Prior to e x t r a c t i o n . 

amples were d r i ed overnight at ' JO 'C . Soxhlet c x t r a c c i o n , cleanup and analysis bv c a p i l l a r y 

;as chroraatography/low reso lu t i on mass spectromccry were accomplished by procedures descr ibed 

n che l i t e r a t u r e (O'Keefe et a l . , I98i») . Each saraple was spiked wi th eleven '^V. l abe led 

tandards. 

Principal components analysis (PCA) was carried out using SlMGA-3y. software '.Principal 

aca Components, Columbia. MO 63201, USA) on an IBM-XT microcomputer. 

FSULTS AND DISCUSSION 

Data for the l^ke George samples and a sedincnC sample frora West Bearskin Lal-̂^̂  . Minnesota 

re presented In Table 1. The separation of the Lake George data irito two groups is supported 

able 1. Concencrations (pg/g dry wt.) of PGDD/PCDF Compounds and Lead (;ig/g dry -t . ) in 

Surface Sediments from Lake George, New York and West Bearskin I.̂ ke, H: rr.'esota . 

;om:JOu 

3 , 7 . 8 

;DDS 

:DDS 

-CDDs 

•CDDs 

:DD 

3 . 7 . 8 

DFs 

DFs 

CDFs 

CDFs 

DF 

n d ( s l 

•TCDD 

-TCDF 

Uc 

U 
sc Bearsk in Lake 

our repl ic j i ;<-s) 

MD ( i . . 9 -16 ) 

22 . 7.2 

ND ( 8 . 4 - 2 1 ) 

ND ( 8 . 4 - 3 0 ) 

38 1 8 

270 ± 55 

HD ( 4 . 4 - 1 5 ) 

KD ( 4 . 4 . 1 5 ) 

5.5 

5.1 

14 ± 2 .1 

19 i 2 .6 

16 

U k e 

Lou Level ( t h r e e samoles) 

HD ( 7 . 6 - 1 3 ) 

ND ( 7 . 6 - 1 3 ) 

ND (13-22) 

ND (17-26) 

34 t 32 

303 ± 150 

ND ( 5 . 6 - 1 2 ) 

ND ( 5 . 6 - 1 2 ) 

ND ( 7 . 7 - 1 4 ) 

ND ( 9 . 4 - 1 7 ) 

14 ± 13 

24 ± 8 .9 

52 + 25 

Ccori 

IJ: 

' e 

ip.li Level (f ive- Srimpies) 

ND (4 - > ; 4 ) 

ND ( 4 . 5 - 1 4 ) 

::u ( 5 . • - ; ] ) 

4 3 > 2': 

224 1 i i 

1092 .' i-;^ 

20 1 10 

9i ± 3'? 

84 i 55 

IS i 52 

108 1 2 5 

112 1 ;3 

173 1 33 

Ten three or raore positive values were obtained, che results arc expresst̂ d as the ave. 

s.d. Not detected (ND) values are expressed as a range. 

PCA analysis which showed two (iistincc sample groups in an x/y plot. The chree low-level 

aples were, in face, grouped closely to che Wesc Bearskin Lake sample suggesting that chese 

iimont samples arc representative of background conCamlnaCion in Kastern and Hid-western 

;es in the United States, characterized by che presence of hepta- and occaCDD/CDF compounds 

1 trace or non-detec t.-iblG levels of other PCDD/PCDF congeners. The other five Lake George 
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;,:imple:; contarnv-ri hi/;hcr c<>nc:o:it r.'i t. i"n:: of tin.- hopta and octa rongenf.-r.s together wich hexaCDDs 

and t:ctra- to ticxaPCDF:;. Ther.c r.amplcs also liad higher lead concentrations. One possible 

explanation Ior tlic results is that emission;; from power boats aro contributing to PCDD/PCDF 

contaminai.i on In L-ikc C<;orf'̂f;. In an invest ig.it ion of automotive emissions, hingham ec al . . 

1989 found that the PCDD/PCDF congener pattern was dominated by lower chlorinated PCDF 

congeners (leus tlian 'j chlorines). There arc two factors which could explain the different 

pattern found in the present study. In the first place, the pattern could be altered by the 

combustion conditions ot 2-stroke outboard motors as compared to ^-stroke automobile engines. 

In the second place, the lower chlorinated PCDD/PCDF corapounds could be lost to the atraosphere 

as the exhaust gases are emitted just below the surface. 

Results from l^ke Champlain are shown in Table 2. The OCDD concentrations in the surface 

Table 2. Concentrations (pg/g dry wt.) of PCDD/PCDF Corapounds in Core and Surface Sediments 

frora Like Champlain. New York' 

Core Sediments 

Core 1, Sections 1.3-6 

Surface Sediments Core 2, Sections 1-6 

Compound (five samples) '• Core 3. Sections 2 and 

2,3,7,8-TGDD ND ND-2i 

TCDDs ND ND-26 

PCDDs ND ND-39 

HxCDDs 7^ ± 'ib HD-760 

HpCDDs 376 ± 160 /ilO-^,500 

OCDD 6,7?0 ± 1.768 3,100-18.000 

2.3.7.8-TCDF 16-120 20-580 

TCDFi; 21-120 37-1.600 

PCDFs 5./ 1 b.2 ND-190 

HxCDFs 26 ± 22 ND-850 

HpCDFs 118 t 66 190-2.500 

OCDF 87 t. 70 87-690 

fb (/ig/g) 33 i 6.0 

Results are expressed as the ave i s.d. or as a range when there was wide dispersion in the 

data. 

Data were not included from a sample which contained only HpCDDs and OCDD at concent ra t ions of 

250 and 6300 pg/g respec t i ve l y . 

The cop two sect ions (1 and 2) of each core were 3 era long. A l l ocher sect ions were 6 era 

long. Core 3 was longer than Cores 1 or 2. and two add i t i ona l sect ions were obta ined frora 

t h i s coire . 

sediment samples were increased by a factor of seven compared to the high level Lake George 

sample: . Tl)e penta - and, to >i 1 osswi extent. the hexaCDF concentrat i ons were decreased 

relative to the same congener groups in the Lake George samples. 
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Core 1. Seccion 2 

14 

260 

3,300 

24,000 

8,700 

5.500 

29 

74 

240 

9,200 

41,000 

11.000 

Core 3, Seccion 3 

Core 3, 

Seccions 6-8 

ND 

ND 

ND 

ND 

SD-750 

940-4,400 

210-690 

520-1.400 

120-520 

0-130 

0-29 

0-230 
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C N H - .•..•II,I[,|,...; , , - , i l ,cr 1 I'.iTi .•-111 (.I ' -r .•..•ii[i|)|<':; w e r r i.,ik<:n -(t i h.- mf.nl l i <>i T i <:oii ' l.; r(.;^-j C f i i e k 

r .L i i re ;,n ob j . t . i i v.. nf t h i : ; .M.udy w.i-; t o de t . - r i n i i n . . t h e i n l l u e i K e on PCDD/PCDF c o n t a m i n a t i o n of 

p u l p .•iri't p-.per ; i . ; i i •/1 t. i.--; i n t h e . i r* ' . ! 1 mm l.li.; ]RH(.)':, i.o 1 9 / 0 . Lnw i e r o v * ; r i e : . were o b t a i n e d 

t o i hf :p i .a- and oe t aCDD/'^Di" i n t . e r n a l .'L t .and . i rd : . i n many o f t h e c o n - .';<;CJ. i ons I n two ca.ser;. 

Sect i n n : ; 1 and ^ o l O n e I , t h e n ; wer«; no . ' - . ignal : ; (o r '-^C-OCDD. and d a i . i f r o m l.he:;e . lamples 

have- been o m i t t e d I f o i n T . i t d r 2 . However t.he c o r e d a t . i do p r o v i d e u. ' ief i j ] i n f o r m a t i o n on t h e 

p o : . : ; i b l i ' . ' .ource:. o t PCDD/PCDF cfMitami nai l i of i i n t h e s u r f a c e scd imf^nt sample; ; w h i c h were a l l 

c o l l e c t e d flown-:!, t f . i i n ( n o r t . h ) o f t h e c r o c k e s t u a r y . 

A l l s e c t i o n s o l Core ' / . f i v e s e c t i o n s o f Core 1 and two s e c t i o n s i>t Core; J l i ad c o n g e n e r 

p a t t . e r n r ; w i i i c h r<.-.seiiil»l r d r.he e o n g e n c r p a t t e r n s i n t h e s u r f a c e .sediment s a m p l e s . Co res 1 and 2 

were t . i k f i i i n , in art." a whei (; p r e v i o u s e n v l r oilmen t a l raoni t o r i ng .stud i es have shown t h e p r e s e n c e 

of f 1 ya;;h . ind c i t ider s t EI <-OI e samp les (Wood . 1972 ) . F l y a s h an<i. t o a I e s s e r e x t e n t . wood 

f i b e r . s appear r :d l o he p re .scn i i n most o f t h e Core 1 and Core ? si.'ct. i f m s . The h i g h OCDD c o n c e n ­

t r a t i o n s i n the:;<' .sampir-s . ( i c '.on.s i s t o u t w i c h r e s u l t s f r o m i n v e s t i g . i t i tm:. on t h e PCDD/PCDF 

c o m p o s i t i o n o f l ly . ' i . ' ' .h, f'.spi'e i .i 1 1 y c o a l f l y a s h (Czuczwa and H i l e . s . 198/i) C o r e 3 i n c o n t r a s t 

had t h e a p p e a r a n c e of n f i rn- g r a i ned s e d i m e n t . The u p p e r t h r e e sect i on: , wf i re a d e r k b r o w n 

c o l o r and t h e l o w e r ."jec i i on : ; were g r e y . W h i l e OCDD was t h e p redr )mina i i t r o i i g e n c r i n s e v e r a l o f . 

t h e uppe r s e c t i o n s of t h e c t i i c , t h e l o w e r s e c t i o n s o f t l i e c o r e had TCDF r o n c e t i t r a c i o n s 

e x c c r d i n j ' . OCDD cnncen r . ra t i ons . H i g h TCDF c o n c e n t r a t i o n s have ber;n assm. i . i t e d w i t h e f f l u e n t s 

f r o m pu I p arirl pape r m i l l s us i nj', t h e b l e a c h e d k r a f t p r o c e s s ( C l emeni ct ,i 1 . 1 9 8 9 ) . T h i s p r o c e s s 

was i n usr: a t the m i l l on T i c o n d c r o g a C r e e k when i t was c l o s e d i n 1 9 / 0 . ! t w o u l d a p p e a r t h a t 

s e d i m e n t s c m i t a m i n.i t e<i w i t h TCDFs f r o m chc p l a n t have now been cover i . - i l ove r hy d e p o s i t s f r o i n 

t h e a i e a ; ; whe iT Core: ; 1 and ? were c o l l e c t e d . 

Core 1 , S e c t i o n 2 had t h e h i g h e s t PGDD/PCDF c o n c e n t r a t i o n and /. I ;;o a congLMier p a t t e r n 

w h i c l i d i f f ' e r r . ' d f r o m t h e ; i , i i i r r n s i n a l l t h e o c h c r c o r e nnd s u r f a c e :Lediment :" .am[i les. Th(; 

f i nd i l lg f>f h i g h connent r.i I i on : ; o f hexaCDDs and heptaCDFs i.*; c o n s i .stent w i t h a n i n c i n e r a t i o n 

s o u r c e s i n c e a s i m i l a r rroni'.ener d i s t r i b u t i o n has been d e s c . r i b e d t o r PCDIi/PCDF e m i s s i o n s f rora 

i n d u s t r i a l anr) m u n i r i p . i l was te i n c i n e r a t o r s (Ci'.uczwa and H i t o s . 1 9 8 5 ) . F f C l u e n t f ro ra che 

sewagf t r e a t m e n t p l a r t t at T i c o n d e r o g a c o u l d a l s o he c o n t i i b u t i n g t.o i h r PCDD/PCDF c o n t a r a i -

n a t i o n . 

I n com-1 l is i o n , t h r s t u d y r e s u l t s sx igges t t h a t PCDDs a iu l PCDFs f r o m t h e T i c o n d e r o g a C r e e k 

n r c . i h. ivc r o n C i m i n. i ref j doun.st tt iam scdLrocnLs i n l-*ik(i C h a m [ ) l a i n . A d d i t i u i i < i l s a m p l i n g i s b e i n g 

u n d e r t . a k e n l o d c i e r m i r u - i l t h e new p u l p and pape r p l a n t i s c o n t r i b u t i n g t o t h e PCDD/PCDF c o n -

t a m i n a i i o n of t.he l a k f . The h i g h e s t s u r f a c e s e d i m e n t TCUF c o n c e n t r a t i o n ( 1 2 0 p g / g ) was f o u n d 

i n a samp I e c o l I cc t cd D . ') m i l e s d o w n s t r e a m f r o m t h e p i a n t . Howevi^r , e f f l u e n t f r o m t h e p l a n t s 

wast.e wat.r-r t r e a t m e n t f a c i l i t y e n t e r s t:hc l a k e 1.5 m i l e s f a r t h e r down r,t ream f r o m t h e p o i n t 

whe re t h i ; ; sampl*- was f o l l e i l e d . 
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