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Chromophoric or colored dissolved organic matter
(CDOM) is one of the principal light adsorbing components
of seawater, particularly in the ultraviolet, where it
attenuates over 90% of downwelling ultraviolet radiation.
In highly productive coastal regions and throughout most of
the global ocean, in situ biological production is the
major source of CDOM. However, little is known about
CDOM composition on the molecular level, and there are
only a few reports that link CDOM composition to
autochthonous biological sources. Here we report the
isolation and characterization of CDOM components from
one coastal and two open-ocean sites. Each sample
contains a complex mixture of light absorbing (300- 400
nm) components, including 2,4-dichlorobenzoic acid and a
suite of novel, polychlorinated biphenyl carboxylic acids
that closely resemble polychlorinated biphenyls (PCBs) of
anthropogenic origin. However, the global inventory and
isomer distribution of dissolved chlorinated aromatic acids
suggest they are derived from in situ biological production
rather than anthropogenic contaminants. These novel
chlorinated aromatic acids account for a significant amount
of CDOM adsorption in the ultraviolet.

Introduction
Ch ro m o p h o ri c o r c o l o red d i sso l v ed o rg an i c m at t er ( CD O M )
i n fl u en c es t h e st ru c t u re o f aq u at i c ec o sy st em s, c o m p l i c at es

sat e l l i t e m easu rem en t s o f o c ean p ro d u c t i v i t y , an d affec t s
t h e b i o av a i l ab i l i t y an d fat e o f i m p o rt an t t rac e o rg an i c an d
m et a l sp ec i es ( 1 - 4 ) i n seaw at er. CD O M ab so rb s m u c h o f t h e
u l t rav i o l e t an d n ear- u l t rav i o l e t rad i at i o n p en et rat i n g t h e
o c ean , an d CD O M ab so rp t i o n i n th e v i si b l e m ay su b stan t i a l l y
red u c e th e p en et rat i o n o f p h o to sy n th et i c al l y av ai l ab l e rad i a-
t i o n i n so m e areas as w el l , l i m i t i n g p r i m ary p ro d u c t i o n ( 5 ) .
Ph o t o c h em i c a l t ran sfo rm at i o n o f CD O M l ead s t o t h e p ro -
d u c t i o n o f l o w m o l ec u l ar w ei g h t o rg an i c c o m p o u n d s t h at
ac t as su b st rates fo r m i c ro b i a l p ro d u c t i o n th ereb y en h an c i n g
b i o l o g i c a l c y c l i n g o f rec a l c i t ran t o rg an i c c arb o n ( 6 , 7 ) . Ph o -
t o c h em i c a l t ran sfo rm at i o n o f CD O M al so l ead s t o t h e p ro -
d u c t i o n o f reac t i v e o xy g en sp ec i es t h at o xi d i z e i ro n , c o p p er,
an d o t h er t rac e m et a l s t h ereb y affec t i n g t h e i r c y c l i n g an d
b i o l o g i c a l av a i l ab i l i t y ( 8 ) .

Th e so u rc es o f m ari n e CD O M are n o t w el l - kn o w n o r
u n d erst o o d . D eg rad at i o n o f h i g h er p l an t c arb o n i n so i l y i e l d s
h u m i c su b st an c es, st ru c t u ra l l y c o m p l ex m ac ro m o l ec u l ar
o rg an i c m at ter ri c h i n aro m at i c an d c arb o xy l i c ac i d fu n c t i o n al
g ro u p s, b o t h o f w h i c h ab so rb st ro n g l y i n t h e u l t rav i o l et ( 9 ) .
Ri v ers su p p l y a si g n i fi c an t am o u n t o f h u m i c su b st an c es
l eac h ed fro m so i l s an d d ec o m p o si n g terrest ri a l o rg an i c m at ter
t o th e c o asta l o c ean ( 1 0 ) . Co m p ari so n s b et w een th e c h em i c al
c o m p o si t i o n , stab l e an d rad i o i so to p es, an d o p t i c al p ro p ert i es
o f fresh w at er an d c o ast a l CD O M sh o w st ro n g si m i l ar i t i es
b et w een t h ese t w o en v i ro n m en t s, an d t errest r i a l o rg an i c
m at t er i s t h o u g h t t o b e t h e m a jo r so u rc e o f CD O M i n t h e
c o ast a l z o n e. H o w ev er, t errest r i a l h u m i c su b st an c es are
rap i d l y rem o v ed fro m seaw at er b y p h o t o b l eac h i n g an d d o
n o t su p p l y a si g n i fi c an t am o u n t o f CD O M t o t h e o p en o c ean
( 1 1 ) .

In h i g h l y p ro d u c t i v e c o asta l reg i o n s an d th ro u g h o u t m o st
o f t h e g l o b a l o c ean , i n si t u b i o l o g i c a l p ro d u c t i o n i s t h e m a jo r
so u rc e o f CD O M . At so m e o p en o c ean si t es, CD O M fl u c tu ates
o n seaso n al c y c l es t h at c an b e c o u p l ed t o c y c l es o f m ari n e
o rg an i c m at t er p ro d u c t i o n an d rem i n era l i z at i o n ( 1 2 , 1 3 ) .
CD O M c o n c en t rat i o n s are h i g h i n t h e c h l o ro p h y l l m axi m a
o f t h e Arab i an Sea an d w ere c o rre l at ed w i t h t h e u p w el l i n g
o f c o l d er, n u t r i en t r i c h su b su rfac e w at er, c o n si st en t w i t h a
so u rc e re l at ed t o b i o l o g i c a l ac t i v i t y ( 1 4 ) . Li kew i se, i n si t u
m easu rem en t s o f CD O M ab so rp t i o n at 4 1 2 n m w ere p o si -
t i v e l y c o rre l at ed w i t h o xy g en su p er sat u rat i o n an d c h l o ro -
p h y l l - a ab so rp t i o n at a h i g h l y p ro d u c t i v e c o ast a l si t e , su g -
g est i n g rap i d i n si t u p ro d u c t i o n o f CD O M asso c i at ed w i t h
p ri m ary p ro d u c t i o n ( 1 5 ) . H o w ev er, few d i sc ret e c o m p o n en t s
o f CD O M h av e b een rep o rt ed . Exc i t at i o n - em i ssi o n m at r i x
sp ec t ro sc o p y h as i d en t i fi ed t h e p resen c e d i st i n c t exc i t a t i o n
m axi m a at 2 7 5 n m , 3 1 2 , an d 3 9 8 n m t h at are at t r i b u t ed t o
p ro t e i n s, m ari n e h u m i c su b st an c es, an d c h l o ro p h y l l ( 1 6 , 1 7 ) .
Pro t e i n s, am i n o ac i d s, m ari n e h u m i c su b st an c es, an d
c h l o ro p h y l l h av e a l l b een i d en t i fi ed i n t h e d i sso l v ed o r
c o l l o i d a l p h ase b u t t o g et h er ac c o u n t fo r o n l y a sm al l frac t i o n
o f CD O M ab so rp t i o n at o p en o c ean si t es.

Sev era l st u d i es h av e u sed ab so rp t i o n an d fl u o resc en c e
sp ec t ro sc o p y i n c o m b i n at i o n w i t h c ap i l l ary g e l e l ec t ro -
p h o resi s an d h i g h - p ressu re l i q u i d c h ro m at o g rap h y ( H PLC)
to fu rth er c h arac teri z e CD O M . M ari n e CD O M ext rac ted fro m
seaw at er b y ad so rp t i o n o n t o h y d ro p h o b i c resi n h as b een
sep arat ed b y rev erse p h ase H PLC ( 1 8 ) . D i fferen t frac t i o n s
d i sp l ay d i fferen t fl u o resc en c e sp ec t ra w i t h m u l t i p l e m axi m a
b et w een 3 0 0 an d 6 0 0 n m ( λex 3 0 0 - 4 5 0 n m ) ( 1 9 ) . Sep arat i o n
b y g rad i en t e l u t i o n H PLC sh o w ed i m p ro v ed reso l u t i o n o f a
v ery c o m p l ex m i xtu re o f CD O M c o m p o n en t s, b u t m o st c o m -
p o n en t s rem ai n ed u n reso l v ed . U si n g H PLC, m ari n e CD O M
ap p ears as a c o m p l ex m i xt u re o f > 3 0 d i sc ret e c o m p o n en t s
su p eri m p o sed o n a b ro ad , featu re l ess b asel i n e. Fl u o resc en c e
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b an d s o b serv ed i n t h e t o t a l CD O M ext rac t s c o u l d b e
c h ro m at o g rap h i c a l l y sep arat ed i n t o d i fferen t frac t i o n s, an d
d i st i n c t CD O M c o m p o n en t s w ere i so l at ed fro m m ari n e an d
fresh w aters, su g g est i n g c o m p o si t i o n al d i fferen c es fo r at l east
so m e CD O M c o m p o n en t s i n d i fferen t en v i ro n m en t s ( 2 0 ) .

H ere w e rep o rt t h e c h em i c a l c h arac t er i z at i o n o f CD O M
i n sam p l es fro m t h e Pac i fi c an d At l an t i c O c ean s. We u sed
h y d ro p h o b i c resi n s t o rem o v e a frac t i o n o f CD O M fro m
fi l t ered , ac i d i fi ed seaw at er an d p u ri fi ed t h e ad so rb ed c o m -
p o n en ts b y rev erse p h ase H PLC. Pu ri fi ed CD O M c o m p o n en ts
w ere an al y z ed b y U V/ v i s sp ec t ro sc o p y , n u c l ear m ag n et i c
reso n an c e sp ec t ro sc o p y an d m ass sp ec t ro m et ry to d eterm i n e
th ei r p art i a l st ru c tu res. We fi n d th at c o asta l seaw ater sam p l es
h av e an u n reso l v ed m i xt u re o f CD O M t h at w e at t r i b u t e t o
h u m i c su b stan c es as w el l as a m i xtu re o f d i sc rete c o m p o n en ts
resu l t i n g fro m i n si t u b i o l o g i c a l p ro d u c t i o n . In o p en o c ean
sam p l es t h e h u m i c su b st an c es c o m p o n en t i s su b st an t i a l l y
red u c ed , an d a su i t e o f d i sc ret e c o m p o u n d s so m e o f w h i c h
w e i d en t i fi ed as 2 ,4 - d i c h l o ro b en z o i c ac i d an d t et rac h l o ro -
b i p h en y l c arb o xy l i c ac i d s d o m i n at es ab so rp t i o n i n t h e
u l t rav i o l e t .

Experimental Section
Sam p l es w ere t aken fro m a n u m b er o f si t es t o c o m p are
CD O M c h arac t er i st i c s i n d i fferen t o c ean i c reg i m es. Sam p l es
w ere c o l l ec t ed i n Sep t em b er 2 0 0 2 fro m Vi n ey ard So u n d n ear
Wo o d s H o l e , M A, i n Ju n e 2 0 0 2 fro m t h e N o rt h Pac i fi c O c ean ,
an d i n M arc h 2 0 0 3 fro m t h e Berm u d a Bi o l o g i c a l St at i o n i n
St . Geo rg es, Berm u d a. Su rfac e seaw at er sam p l es w ere
c o l l ec t ed u si n g l ab o rat o ry o r sh i p b o ard seaw at er su p p l y
sy st em s an d fi l t ered t h ro u g h a c l ean ed ( 1 0 % H Cl ) 0 .2 µm
fi l t er c art r i d g e (Cri t i c ap , Gel m an Co rp .) i n t o 2 0 0 L fl u o ri n ated
H D PE c o n t a i n ers. Th e 1 8 0 0 m N o rt h Pac i fi c O c ean sam p l e
w as c o l l ec t ed u si n g 3 0 L ro set t e m o u n t ed N i sk i n b o t t l es an d
t reat ed as d esc r i b ed ab o v e. Aft er fi l t rat i o n , a l l sam p l es w ere
i m m ed i at e l y ac i d i fi ed t o p H 3 u si n g e i t h er g l ac i a l ac et i c ac i d
o r c o n c en t rat ed H Cl .

Ch ro m o p h o ri c d i sso l v ed o rg an i c m at t er w as ext rac t ed
b y so l i d - p h ase ext rac t i o n o n t o C1 8 si l i c a g e l aft er t h e m et h o d
o f Arm ad o r et a l . ( 2 1 ) . Th e C1 8 si l i c a g e l ( Al d r i c h ) w as c l ean ed
b y seq u en t i a l w ash i n g w i t h ( p er 1 0 g so rb en t ) t h e fo l l o w i n g :
5 0 m L o f h exan e, 5 0 m L o f ac et o n e, 5 0 m L o f m et h an o l , 5 0
m L o f l o w c arb o n d ei o n i z ed ( M i l l i - Q ) w at er, 2 5 m L o f 0 .1 M
H Cl , M i l l i - Q w at er ( u n t i l p H i s n eu t ra l ) , an d 2 5 m L o f
m eth an o l . Ext rac t i o n c o l u m n s w ere p rep ared b y d ry p ac k i n g
ap p ro xi m at e l y 2 0 - 2 5 g o f a i r- d r i ed resi n i n t o 5 0 m m i .d .
g l ass c o l u m n s fi t t ed w i t h g l ass w o o l p l u g s at b o t h en d s. To
ext rac t CD O M , fi l t ered , ac i d i fi ed seaw at er w as p u m p ed
th ro u g h th e c o l u m n s at 2 0 - 6 0 m L/ m i n . In m o st c ases CD O M
w as el u t ed i m m ed i at e l y aft er sam p l e c o l l ec t i o n . H o w ev er,
fo r t h e Pac i fi c sam p l es, c o l u m n s w i t h ext rac t ed CD O M w ere
st o red i n th e d ark at - 2 0 ¡C u n t i l fu rt h er p ro c essi n g . Sam p l es
w ere h an d l ed i n t h e d ark o r i n o p aq u e c o n t a i n ers d u ri n g a l l
st ep s o f c o l l ec t i o n an d m an i p u l at i o n . Co m b u st ed g l assw are
w as u sed t h ro u g h o u t . Th e c o l u m n s w ere e l u t ed w i t h 2 0 - 1 0 0
m L o f M i l l i - Q w at er ( p H 3 ) t o rem o v e sa l t s an d t h en 1 0 0 m L
o f m et h an o l ( Fi sh er Sc i en t i fi c , H PLC g rad e) an d 1 0 0 m L o f
1 1 .8 N am m o n i u m h y d ro xi d e (Fi sh er Sc i en t i fi c , c ert i fi ed ACS)
t o e l u t e CD O M . Th i s p ap er rep o rt s o n l y t h e resu l t s fro m t h e
m et h an o l ext rac t . Co o l i n g o r c o n c en t rat i n g t h e m et h an o l
ext rac t resu l t ed i n t h e fo rm at i o n o f a fl u ffy w h i t e p rec i p i t a t e ,
p resu m ed t o b e resi d u a l sa l t s. Th e sam p l e w as d i sso l v ed i n
a sm al l am o u n t o f m et h an o l an d c h i l l ed t o - 3 0 ¡C, an d t h e
p rec i p i tate w as sep arated b y c en t ri fu g at i o n . M eth an o l so l u b l e
CD O M an d w ash es ( 2 ! ) w ere w i t h d raw n b y p i p et an d
ret a i n ed fo r an al y ses.

We an al y z ed sev era l d i fferen t t y p es o f sam p l e b l an ks t o
m o n i t o r t h e p resen c e o f c o n t am i n an t s i n o u r sam p l es an d
t o d et erm i n e i f sp ec i fi c CD O M c o m p o n en t s c o u l d b e
i n t ro d u c ed b y c o n t am i n at i o n . So l i d - p h ase ext rac t i o n c o l -

u m n s p ac ked w i t h C1 8 si l i c a g e l w ere t aken i n t o t h e fi e l d ,
ret u rn ed t o t h e l ab o rat o ry , an d p ro c essed as sam p l es. We
al so fi l l ed sam p l e c o n t a i n ers w i t h art i fi c i a l seaw at er ( 3 0 L)
m ad e fro m c o m b u st ed ( 4 5 0 ¡C, o v ern i g h t ) sa l t s an d l o w
c arb o n , d e i o n i z ed ( M i l l i - Q ) w at er. Th ese b l an ks w ere p ro -
c essed i n an i d en t i c a l m an n er t o sam p l es, u si n g t h e sam e
eq u i p m en t , resi n s, ac i d s, an d so l v en t s as o u r sam p l es. Bl an ks
c o n tai n ed v ery l o w l ev el s o f CD O M (< 1 %o f sam p l e am o u n ts)
w h i c h , w h en an al y z ed b y H PLC y i e l d ed c o m p o u n d s w i t h
d i fferen t ret en t i o n t i m es an d U V sp ec t ra t h an CD O M
c o m p o n en t s rep o rt ed i n t h i s st u d y .

U V/ v i s ab so rb an c e sp ec t ra o f t o t a l m et h an o l ext rac t s an d
H PLC p u ri fi ed c o m p o u n d s w ere ac q u i red i n m et h an o l o n a
H P8 4 5 2 A d i o d e array sp ec t ro p h o to m eter. CD O M w as sep a-
rat ed i n t o p u re c o m p o u n d s b y rev erse- p h ase h i g h p erfo r-
m an c e l i q u i d c h ro m at o g rap h y ( RP- H PLC) . Sam p l es w ere
p u ri fi ed o n a 1 5 c m c o l u m n ( 4 .5 m m i .d . Su p el c o D i sc o v ery
H S; Fi g u re 1 ) . In i t i a l sep arat i o n s w ere p erfo rm ed o n a g rad i en t
fro m 1 0 0 % aq u eo u s am m o n i u m ac et at e ( 5 0 m M , p H ) 8 )
( Fi sh er Sc i en t i fi c , H PLC g rad e) t o 1 0 0 %m et h an o l w i t h a fl o w
rat e o f 1 m L/ m i n ( am m o n i u m ac et at e ( aq ) :m et h an o l ; t i m e) /
( 1 0 0 :0 ; 2 .5 m i n ) / ( 4 0 :6 0 ; 1 7 .5 m i n ) / ( 0 :1 0 0 ; 2 7 m i n ) . Frac t i o n s
c o l l ec t ed fro m th e th i s sep arat i o n w ere fu rt h er p u ri fi ed u si n g
a 5 0 m M am m o n i u m ac et at e:ac et o n i t r i l e ( Fi sh er Sc i en t i fi c ,
H PLC g rad e) :m et h an o l g rad i en t at a fl o w rat e o f 1 m L/ m i n
( 7 0 :2 5 :5 ; 2 .5 m i n ) / ( 0 :7 0 :3 0 ; 1 2 .5 m i n ) / ( 0 :1 5 :8 5 ; 2 5 m i n ) (Fi g u re

FIGURE1. Separation of CDOM by reverse phase HPLC. Details of
the separation conditions are given in the text. Samples collected
from the North Pacific Ocean show the presence of a few major
(toppanel) and> 90minor (middlepanel)CDOM componentsat 240
nm. The major components 1, 2, 3a, and 3b were purified (bottom
panel) and analyzed by NMR and UV/vis spectroscopy and mass
spectrometryandshown tobe2,4-dichlorobenzoic acidandasuite
of tetrachlorobiphenyl carboxylic acids.
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1 ) . Pu r i fi ed CD O M c o m p o n en t s w ere d ri ed u n d er n i t ro g en
t o rem o v e m et h an o l an d l y o p h i l i z ed t o rem o v e t h e aq u eo u s
am m o n i u m ac et at e .

N M R sp ec t ra w ere ac q u i red o n a Bru ker Av an c e 4 0 0 D PX
sp ec t ro m et er at 4 0 0 M H z . Sam p l es w ere d i sso l v ed i n p er-
d eu t erat ed m et h an o l ( Al d r i c h , 9 9 .9 5 at . % D ) , an d c h em i c a l
sh i ft s w ere referen c ed t o m et h an o l at 3 .5 p p m . Li q u i d
c h ro m at o g rap h y - M S- M S sp ec t ra w ere o b t a i n ed o n a M i -
c ro m ass ( M an c h ester, En g l an d ) Q u at t ro II m ass sp ec t ro m eter
( t r i p l e q u ad ru p o l e) w i t h e l ec t ro sp ray i o n i z at i o n (ESI) . Th e
LC w as c o n d u c ted w i th a Th erm o H y p ersi l - Key sto n e (Bel l e-
fo n t e, PA) Bet a Basi c C1 8 u si n g a so l v en t p ro g ram o f 5 0 m M
am m o n i u m ac et at e i n w at er t o m et h an o l ( 1 0 0 :0 ; 2 .5 m i n /
4 0 :6 0 ; 1 5 m i n / 0 :1 0 0 ; 2 5 m i n / 0 :1 0 0 ; 3 5 m i n ) .

In p rep arat i o n fo r GC- M San al y si s, CD O M w as m eth y l ated
t o c o n v ert c arb o xy l i c ac i d s i n t o m et h y l est ers. M et h an o l
so l u t i o n s o f CD O M w ere t reat ed w i t h 5 % ac et y l c h l o r i d e i n
m et h an o l at 5 0 ¡C o v ern i g h t . Th e resu l t i n g ac i d i c so l u t i o n
w as n eu t ra l i z ed w i t h 2 0 0 m M am m o n i u m c arb o n at e an d
ext rac ted t w i c e w i t h d i c h l o ro m eth an e. Th e d i c h l o ro m eth an e
so l u t i o n w as ev ap o rat ed t o ap p ro xi m at e l y 1 0 µL p ri o r t o
sp l i t l ess i n jec t i o n i n to a H ew l et t - Pac kard 5 9 7 2 GC- M S, w h i c h
w as eq u i p p ed w i t h a Su p el c o ( Bel l efo n t e, PA) Eq u i t y - 5 : 3 0
m l , 0 .2 5 m m i .d ., 0 .2 5 µm c o at i n g . H el i u m w as u sed as a
c arr i er g as at a v e l o c i t y o f 4 0 c m / s, an d 7 0 eV el ec t ro n
i o n i z at i o n m ass sp ec t ra w ere c o l l ec t ed . A t em p erat u re
g rad i en t p ro g ram o f 5 0 ¡C ( h o l d 2 m i n ) / ram p at 8 ¡C t o 3 0 0
¡C/ h o l d 3 0 0 ¡C fo r 1 0 m i n . Th e c o m p o u n d s o f i n t erest w ere
i d en t i fi ed t h ro u g h t h e u se o f ext rac t ed i o n c h ro m at o g ram s
fo r t h e p red i c t ed m o l ec u l ar w ei g h t s o f t h e d eri v at i z ed
p ro d u c t s.

Results and Discussion
U p to 7 0 %o f c h ro m o p h o ri c d i sso l v ed o rg an i c m at ter (CD O M )
c an b e rem o v ed fro m seaw at er b y ad so rp t i o n o n t o h y d ro -
p h o b i c resi n s at l o w p H ( 2 1 ) . U si n g th i s ap p ro ac h , w e i so l at ed
CD O M fro m o l i g o t ro p h i c m ari n e si t es i n t h e N o rt h Pac i fi c
O c ean n ear H aw ai i an d t h e N o rt h At l an t i c O c ean at t h e
Berm u d a Bi o l o g i c a l St at i o n . Co ast a l seaw at er w as sam p l ed
fro m Wo o d s H o l e , M A ( Tab l e 1 ) . U l t rav i o l e t - v i si b l e sp ec t ra
o f t h e m et h an o l ext rac t s fo r a l l sam p l es sh o w a l o g ar i t h m i c -
l i ke d ec rease i n ab so rp t i o n w i t h i n c reasi n g w av e l en g t h ,
si m i l ar t o w h o l e seaw at er ab so rp t i o n sp ec t ra ( 4 , 1 1 ) .

U si n g H PLC, w e c h arac t er i z ed th e CD O M m i xtu re i n eac h
o f o u r sam p l es. Sam p l es fro m Berm u d a an d th e N o rth Pac i fi c
O c ean h av e o n l y sm al l am o u n t s o f u n reso l v ed CD O M , w h i l e
th e sam p l e o f c o astal seaw ater fro m Wo o d s H o l e c l earl y sh o w s
t h e p resen c e o f a c o m p l ex m i xt u re o f u n reso l v ed CD O M
c o m p o n en t s p resu m ab l y d er i v ed fro m t errest r i a l h u m i c
su b st an c es ( Fi g u re 2 ) . O v er 9 0 c o m p o n en t s w i t h ad so rp t i o n
m axi m a b et w een 2 4 0 an d 4 0 0 n m w ere sep arat ed i n sam p l es
fro m t h e N o rt h Pac i fi c O c ean an d Wo o d s H o l e . Al l c o m p o -
n en t s d i sp l ay st ro n g ab so rp t i o n b an d s i n t h e u l t rav i o l et an d
n ear- u l t rav i o l e t . Fu rt h er sep arat i o n o f so m e frac t i o n s sh o w
th e p resen c e o f m u l t i p l e c o el u t i n g c o m p o u n d s, at l east so m e
o f w h i c h w ere fo u n d t o b e st ru c t u ra l l y re l a t ed . Fo r exam p l e,
Frac t i o n 3 fro m t h e N o rt h Pac i fi c su rfac e w at er sam p l e w as
sep arat ed i n t o t w o m ajo r an d at l east fi v e m i n o r c o m p o n en t s
( Fi g u re 1 , b o t t o m ) . Th e m i xt u re o f CD O M c o m p o n en t s

p resen t i n o u r sam p l es i s t h erefo re g reat er t h an t h e 9 0
c o m p o u n d s d i st i n g u i sh ed i n Fi g u re 1 .

Pro t o n n u c l ear m ag n et i c reso n an c e ( 1 H N M R) sp ec t ra o f
t h e t o t a l m et h an o l ext rac t s are c h arac t er i z ed b y c o m -
p l ex an d u n reso l v ed reso n an c e b et w een 7 an d 8 p p m an d
sh o w t h at at a m a jo r p o rt i o n o f CD O M ad so rp t i o n ar i ses
fro m su b st i t u t ed aro m at i c c o m p o u n d s. Th e c o m p l exi t y o f
N M R sp ec t ra i s re l at ed t o t h e c o m p l exi t y o f t h e CD O M
m i xt u re sep arat ed b y H PLC. Sam p l es w i t h c o m p l ex m i x-
t u res o f CD O M c o m p o n en t s sh o w m u c h g reat er c o m p l exi t y
i n t h e 7 - 8 p p m reg i o n o f t h e 1 H N M R sp ec t ru m . Sam p l es
fro m t h e Pac i fi c an d At l an t i c O c ean s h av e t h e sam e m a jo r
c o m p o n en t s b y H PLC, w h i c h w e p u ri fi ed fo r st ru c t u ra l
c h arac t er i z at i o n .

Frac t i o n 1 w as i d en t i fi ed as 2 ,4 - d i c h l o ro b en z o i c ac i d
( Fi g u re 3 ) , w i t h λm ax( M eO H ) 2 0 6 an d 2 2 8 n m ; 1 H N M R
( CD 3 O D ) δ 7 .4 5 ( 1 H , d , J) 8 .3 7 H z , H - 6 ) , 7 .4 2 ( 1 H , d , J) 1 .9 4
H z , H - 3 ) , 7 .3 0 ( 1 H , d d , J ) 8 .3 7 , 1 .9 4 H z , H - 5 ) ( Fi g u re 4 ) :
GC/ M S o f t h e m et h y l est er y i e l d s ( m / z , % rel i n t .) 2 0 4 ( 2 0 ) ,
1 7 3 ( 1 0 0 ) , 1 4 5 ( 2 5 ) , 1 0 9 ( 2 5 ) , 7 4 ( 2 3 ) . Co i n jec t i o n o f Frac t i o n 1
w i t h au t h en t i c 2 ,4 - d i c h l o ro b en z o i c ac i d y i e l d ed o n e p eak
o n t w o H PLC sy st em s w h i c h sep arat e 2 ,4 - , 2 ,5 - , an d 3 ,4 -
d i c h l o ro b en z o i c ac i d i so m ers. We al so o b serv ed n o c h an g e
i n t h e 1 H N M R sp ec t ru m u p o n m i xi n g o f Frac t i o n 1 w i t h
au t h en t i c 2 ,4 - d i c h l o ro b en z o i c ac i d .

Frac t i o n 3 b w as i d en t i fi ed as an i so m er o f t et rac h l o ro -
b i p h en y l c arb o xy l i c ac i d ( Fi g u re 3 ) w i t h λm ax( M eO H ) 2 1 1
n m ;1 H N M R ( CD 3 O D ) δ 7 .6 0 ( 1 H , d , J ) 1 .9 4 H z ) , 7 .5 7 ( 1 H ,
s) , 7 .4 4 ( 1 H , d d , J ) 8 .3 7 , 1 .9 4 H z ) , 7 .3 8 ( 1 H , s) , 7 .3 2 ( 1 H , d ,
J ) 8 .3 7 H z ) ( Fi g u re 4 ) : GC/ M S o f t h e m et h y l est er y i e l d s
( m / z , % rel i n t .) 3 5 0 ( 3 5 ) , 3 1 9 ( 1 0 0 ) , 2 5 4 ( 6 0 ) , 2 1 9 ( 1 0 ) , 1 8 4 ( 3 5 ) .
N eg at i v e i o n m o d e l i q u i d c h ro m ato g rap h y / m ass sp ec t ro m -
et ry o f Frac t i o n 3 b sh o w s p ro m i n en t m o l ec u l ar i o n s at m / z
3 3 3 ( 3 5Cl 4 M + ; ( o b serv ed ab u n d an c e / t h eo ret i c a l ab u n d an c e
fo r C1 2 , H 6 , O 2 , Cl 4 ) 7 9 / 7 8 ) , 3 3 5 ( 3 5Cl 3

3 7Cl M + , 1 0 0 / 1 0 0 ) , 3 3 7
( 3 5Cl 2

3 7Cl 2 M + ; 4 7 / 4 8 ) , an d 3 3 9 ( 3 5Cl 3 7Cl 3 M + ; 1 0 / 1 0 ) , w i t h a
m a jo r i o n c l u st er at m / z 2 9 1 fro m l o ss o f c arb o n d i o xi d e,
c o n fi rm i n g th e p resen c e o f a c arb o xy l i c ac i d . Fu rth er ev i d en c e
c o m es fro m t h e m ass sp ec t ru m o f t h e m et h y l at ed d eri v at i v e ,
w h i c h d i sp l ay s p ro m i n en t m o l ec u l ar i o n s at m / z 3 4 8 ( 3 5Cl 4

M + ) , 3 5 0 ( 3 5Cl 3
3 7Cl M + ) , 3 5 2 ( 3 5Cl 2

3 7Cl 2 M + ) , an d 3 5 4
( 3 5Cl 3 7Cl 3 M + ) an d m a jo r i o n c l u st ers at m / z 3 1 7 ( - O CH 3 ) ,
2 5 4 ( - C2 O 2Cl H 3 ) , 2 1 9 ( - C2 O 2Cl 2 H 3 ) , an d 1 8 4 ( - C2 O 2Cl 3 H 3 )
as w el l as i o n s w i t h m / z < 1 8 4 resu l t i n g fro m frag m en t at i o n
o f t h e b i p h en y l r i n g . Fro m t h e l ac k o f c o u p l i n g b et w een t h e

TABLE1. Sample Location, Depth, Volume, and CDOM
Extraction Details

sample
depth
(m)

vol
(L) lat/long

resin
(g)

flow
(mL/min)

Woods Hole 3 760 41¡31#N, 70¡40#W 50 60
Bermuda 3 400 38¡20#N, 64¡48#W 50 60
North Pacific 3 40 24¡25#N, 156¡18#W 20 20
North Pacific 1800 70 24¡25#N, 156¡18#W 20 20

FIGURE2. Separationof CDOM fromWoodsHole(top)andBermuda
seawater (bottom) by HPLC. The Woods Hole sample shows both
highrelativeconcentrationsof tetrachlorobiphenyl carboxylic acids
andthebaselinerisecharacteristic of humic substances.Thesample
is influencedbyCDOM sourcesfromtheadjacent,heavilyvegetated
coast and high in situ biological production. The Bermuda sample
is more characteristic of open ocean CDOM samples, with low
relative amounts of humic substances and high concentrations of
dichlorobenzoic acidandtetrachlorobiphenyl carboxylic acidsfrom
local marine production.
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t w o p ro t o n s at 7 .5 7 an d 7 .3 8 p p m o n t h e t r i c h l o ro p h en y l
r i n g w e i n fer t h ese p ro t o n s are i n a p ara o ri en t at i o n ,
su g g est i n g a 2 #,4 #,5 #su b st i t u t i o n . Fu rt h er, t h e u p fi e l d sh i ft i n
t h e o r t h o c o u p l ed d o u b l et t o 7 .3 2 p p m i s m o st si m i l ar t o
N M R sp ec t ra o f 3 ,4 - d i su b st i t u t ed b en z o i c ac i d s. O u r d at a
su p p o rt a st ru c t u ra l assi g n m en t fo r Frac t i o n 3 b o f e i t h er
3 - c h l o ro - 4 - ( 2 #,4 #,5 #- t r i c h l o ro p h en y l ) b en z o i c ac i d o r 4 - c h l o ro -
3 - ( 2 #,4 #,5 #- t r i c h l o ro p h en y l ) b en z o i c ac i d . We kn o w o f n o
p rev i o u s rep o rt s o f t et rac h l o ro b i p h en y l c arb o xy l i c ac i d s i n
t h e en v i ro n m en t , an d n o au t h en t i c st an d ard s o f t h ese
c o m p o u n d s are p resen t l y av a i l ab l e . Th erefo re, t h e sp ec i fi c
i so m er o f t et rac h l o ro b i p h en y l c arb o xy l i c ac i d i n Frac t i o n 3 b
c an n o t b e assi g n ed at t h i s t i m e.

Frac t i o n 3 a w as sep arat ed fro m Frac t i o n 3 b b y rev erse
p h ase H PLC u si n g a m i xt u re o f w at er, ac et o n i t r i l e , an d
m eth an o l ( Fi g u re 1 ) . Th e si m i l ar c h ro m ato g rap h i c p ro p ert i es
o f Frac t i o n 3 a t o Frac t i o n 3 b su g g est s a c l o se st ru c t u ra l
si m i l ari t y , w h i c h w as c o n fi rm ed b y sp ec t ral an al y ses. Pu ri fi ed
Frac t i o n 3 b h ad λm ax( M eO H ) 2 1 0 n m ; 1 H N M R ( CD 3 O D ) δ
7 .5 3 ( 1 H , d , J ) 1 .9 3 H z ) , 7 .4 8 ( 2 H , d , J ) 1 .9 3 H z ) , 7 .4 6 ( 1 H ,
d , J ) 8 .3 7 ) , 7 .3 4 ( 1 H , d d , J ) 8 .3 7 , 1 .9 4 H z ) , 7 .2 0 ( 1 H , d , J )
1 .9 4 H z ) ( Fi g u re 4 ) . GC/ M S o f t h e m et h y l est er y i e l d s ( m / z ,
%rel i n t .) 3 5 0 ( 5 0 ) , 3 1 9 ( 1 0 0 ) , 2 5 4 ( 5 5 ) , 2 1 9 ( 1 5 ) , 1 8 4 ( 3 0 ) . Frac t i o n
3 a i s a l m o st c ert a i n l y a sec o n d i so m er o f t et rac h l o ro b i -
p h en y l c arb o xy l i c ac i d . We o b serv e m eta c o u p l i n g o f 1 .9 H z
b et w een p ro t o n s o n t h e t r i c h l o ro p h en y l su b st i t u en t , su g -
g est i n g 3 #,5 #,6 #- o r 2 #,4 #,6 #- c h l o r i n at i o n . Th e N M R d at a, b y
an al o g y w i t h N M Rd ata fo r 2 ,4 - d i c h l o ro b en z o i c ac i d su g g est s
t h i s c o m p o u n d i s e i t h er 2 - c h l o ro - 4 - ( 3 #,5 #,6 #- o r 2 #,4 #,6 #) -
t r i c h l o ro p h en y l ) b en z o i c ac i d o r 4 - c h l o ro - ( 3 #,5 #,6 #- o r 2 #,4 #,6 #) -
t r i c h l o ro p h en y l ) b en z o i c ac i d ( Fi g u re 3 ) . O u r assessm en t i s
p re l i m i n ary , an d fu l l assi g n m en t m u st aw ai t c o m p ari so n t o
au t h en t i c st an d ard s.

We d i d n o t o b t a i n m ass sp ec t ra l d at a o n Frac t i o n 2 , an d
w e are o n l y ab l e t o i d en t i fy t h i s c o m p o u n d as a t et rasu b -
st i t u t ed b i p h en y l c arb o xy l i c ac i d , w i t h λm ax( M eO H ) < 2 1 0 n m ;
1H N M R ( CD 3 O D ) δ 7 .6 2 ( 1 H , d , J) 1 .9 4 H z ) , 7 .4 7 ( 2 H , s) , 7 .4 6
( 1 H , d d , J ) 8 .3 7 , 1 .9 4 H z ) , 7 .2 6 ( 1 H , d , J ) 8 .3 7 ) ( Fi g u re 4 ) .
Fro m t h e u p fi e l d sh i ft i n t h e o r t h o c o u p l ed d o u b l et t o 7 .2 6
p p m , t h e si m i l ar i t y o f t h e N M R sp ec t ra t o frac t i o n 3 b , an d

t h e l ac k o f c o u p l i n g o b serv ed fo r t h e p ro t o n s at 7 .4 7 p p m ,
w e i n fer t h i s c o m p o u n d i s t h e sec o n d i so m er o f c h l o ro -
( 2 #,4 #,5 #- t r i c h l o ro p h en y l ) b en z o i c ac i d as d i sc u ssed ab o v e
( Fi g u re 3 ) .

We q u an t i fi ed t h e am o u n t o f 2 ,4 - d i c h l o ro b en z o i c ac i d
an d t et rac h l o ro b i p h en y l c arb o xy l i c ac i d s i n o u r sam p l e b y
c a l i b rat i n g o u r H PLC sy st em w i t h au t h en t i c 2 ,4 - d i c h l o -
ro b en z o i c ac i d . Val u es o f 2 ,4 - d i c h l o ro b en z o i c ac i d ( 2 ,4 -
D CBA) ran g e fro m al m o st n o t d et ec t ab l e i n o u r Wo o d s H o l e
seaw at er sam p l e (< 0 .1 µg / L) , t o 0 .4 µg / L i n Pac i fi c su rfac e
w at er, t o 8 .3 µg / L i n Berm u d a seaw at er. Li kew i se, w e o b serv e
v ar i ab l e c o n c en t rat i o n s o f t o t a l t e t rac h l o ro b i p h en y l c ar-
b o xy l i c ac i d s ( ! TCBCAs) ran g i n g fro m 1 µg / L i n Wo o d s H o l e
Seaw at er t o 4 .2 µg / L i n t h e Pac i fi c O c ean . We c o l l ec t ed v ery
d i fferen t si z ed sam p l es fro m eac h o f o u r si t es, u si n g sl i g h t l y
d i fferen t c o l u m n asp ec t rat i o s an d am o u n t s o f C1 8 si l i c a g e l .
Th erefo re, so m e o f th e o b serv ed d i fferen c es i n c o n c en t rat i o n
m ay resu l t fro m d i fferen c es i n ext rac t i o n effi c i en c i es.

Ch l o r i n at ed aro m at i c ac i d s c o n t r i b u t e o n l y a sm al l
frac t i o n o f t h e t o t a l d i sso l v ed o rg an i c c arb o n i n seaw at er,
b u t t h e i r c o n t r i b u t i o n t o CD O M ab so rp t i o n i s si g n i fi c an t ,
p art i c u l ar l y i n o p en o c ean w at ers. H i g h c o n c en t rat i o n s o f
2 ,4 - D CBA an d TCBCAs w ere m easu red i n b o t h su rfac e an d
d eep w at er sam p l es, w i t h t o t a l c o n c en t rat i o n s ( 2 ,4 - D CBA
+ ! TCBCAs) ran g i n g fro m 1 t o 1 0 µg / L ( Tab l e 2 ) . U si n g t h e
c o n c en t rat i o n an d ext i n c t i o n c o effi c i en t o f 2 ,4 - D CBA w e
c al c u l at e t h at t h i s c o m p o u n d al o n e c o n t r i b u t es 2 % o f t h e
t o t a l CD O M ab so rp t i o n at 2 8 0 n m ( U V- A/ U V- B) i n o u r
Berm u d a sam p l e ext rac t s. Th e N M Rsp ec t ra o f w h o l e sam p l e
ext rac t s sh o w t h at 2 ,4 - D CBA + ! TCBCAs are o n l y a p o rt i o n
o f t h e su b st i t u t ed aro m at i c c o m p o u n d s p resen t i n seaw at er.
Th e c o n t r i b u t i o n o f su b st i t u t ed aro m at i c c o m p o u n d s t o
CD O M ab so rp t i o n i n th e u l t rav i o l et i s t h erefo re sev era l t i m es
h i g h er t h an t h e c o n t r i b u t i o n fro m 2 ,4 - D CBA + ! TCBCAs
al o n e.

O f t h e c o m p o u n d s i d en t i fi ed i n t h i s st u d y , o n l y 2 ,4 - D CBA
i s a kn o w n an t h ro p o g en i c p ro d u c t . Th i s c o m p o u n d i s u sed
c o m m erc i a l l y i n t h e p ro d u c t i o n o f p h arm ac eu t i c a l s an d i s
an i m p u ri t y i n so m e h erb i c i d es. Lo w c o n c en t rat i o n s o f 2 ,4 -
D CBA m easu red i n g ro u n d w at er, r i v ers, an d l akes h av e b een
at t r i b u t ed t o an t h ro p o g en i c c o n t am i n at i o n as w el l as b i o -
l o g i c a l an d p h o t o c h em i c a l d eg rad at i o n o f an th ro p o g en i c a l l y
p ro d u c ed p o l y c h l o r i n at ed b i p h en y l s ( PCBs) ( 2 2 - 2 6 ) . H o w -
ev er, 2 ,4 - D CBA i n so m e p ri st i n e w at ers h as b een at t r i b u t ed
to d i rec t b i o l o g i c al p ro d u c t i o n ( 2 7 ) . Tet rac h l o ri n ated b i p h en y l
c arb o xy l i c ac i d s h av e n o t b een p rev i o u sl y rep o rt ed as
p ro d u c t s o f e i t h er an t h ro p o g en i c p ro d u c t i o n o r t h e d eg ra-
d at i o n o f PCBs.

O n e ap p ro ac h t o d i st i n g u i sh i n g an t h ro p o g en i c an d
n at u ra l so u rc es o f TCBAs i n t h e o c ean i s t o d et erm i n e t h e
g l o b a l i n v en t o ry o f t h ese c o m p o u n d s. I f t h e i n v en t o ry o f
TCBAs i s m u c h l arg er t h an t h e h i st o r i c a l p ro d u c t i o n o f PCBs,
t h en n at u ra l so u rc es m u st b e i m p o rt an t . O u r an al y ses o f
TCBAs o n l y i n c l u d e fo u r sam p l es fro m t w o o c ean b asi n s an d
i s n o t su ffi c i en t fo r a h i g h q u al i t y g l o b al assessm en t . H o w ev er,
o u r d at a d o es p ro v i d e a p re l i m i n ary b asi s fo r m ak i n g su c h
an assessm en t . Assu m i n g t h e c o n c en t rat i o n o f ! TCBCAs
av erag es 1 µg / L ( Tab l e 2 ) fo r t h e u p p er 1 8 0 0 m o f t h e g l o b a l
o c ean , w e c al c u l ate a g l o b al o c ean i n v en to ry o f ap p ro xi m atel y
3 0 0 M T fo r t h ese c o m p o u n d s, o v er 2 o rd ers o f m ag n i t u d e
h i g h er t h an t h e est i m at ed 0 .6 - 1 .5 M T o f PCBs t h at h av e
b een p ro d u c ed b y c o m m erc i a l sy n t h esi s ( 2 8 ) . M o st o f t h e
g l o b a l PCB i n v en t o ry resi d es i n t errest r i a l reserv o i rs, an d
est i m at es su g g est o n l y a few p erc en t o f an t h ro p o g en i c PCB
p ro d u c t i o n h as b een t ran sp o rt ed t h e o c ean . Th e g l o b a l
i n v en t o ry o f TCBCAs i s t h erefo re > 1 0 0 0 0 t i m es t h e t o t a l
m ari n e i n v en t o ry o f PCBs.

O u r est i m at e o f t h e m ari n e i n v en t o ry fo r c h l o r i n at ed
aro m at i c ac i d s i s p ro b ab l y c o n serv at i v e , as e i t h er a h i g h er
av erag e c o n c en t rat i o n ( Tab l e 2 ) o r t h e o c c u rren c e o f

FIGURE3. Structure of 2,4-dichlorobenzoic acid and the proposed
structures of chlorinated biphenyl carboxylic acids isolated from
seawater.
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c h l o r i n at ed aro m at i c ac i d s at d ep t h s > 1 8 0 0 m w i l l su b -
st an t i a l l y i n c rease th e am o u n t o f t h ese c o m p o u n d s seq u es-
t ered i n t h e o c ean . Co n c en t rat i o n s o f PCBs i n h eav i l y
i m p ac t ed c o ast a l w at ers are < 1 n g / L an d fa l l rap i d l y w i t h
d ep t h . PCBs h av e b een rep o rt ed t o d ep t h s o f 1 5 0 0 m i n t h e
c o ast a l o c ean , b u t c o n c en t rat i o n s b el o w t h e m i xed l ay er are
o n l y 1 - 1 0 p g / L ( 2 9 ) . We fu rt h er n o t e t h at o n l y a few , sp ec i fi c
t et rac h l o r i n at ed b i p h en y l c arb o xy l i c ac i d i so m ers are fo u n d
i n o u r sam p l es, w h i l e m an y o f t h e p ro d u c t s exp ec t ed fro m
c arb o xy l at i o n o f t h e m o st c o m m o n PCB c o n g en ers i n t h e
en v i ro n m en t are ab sen t . An t h ro p o g en i c i n p u t s o f 2 ,4 - D CBA
an d p art i a l d eg rad at i o n o f an th ro p o g en i c a l l y p ro d u c ed PCBs
m ay b e m i n o r so u rc es fo r c h l o r i n at ed aro m at i c ac i d s i n
seaw ater, b u t th ey c an n o t ac c o u n t fo r th e o b serv ed d i st ri b u -

t i o n an d c o n c en t rat i o n o f 2 ,4 - D CBA an d TCBCAs i n o u r
sam p l es. Th e d i st r i b u t i o n o f c h l o r i n at ed aro m at i c ac i d s i n
o u r sam p l es, t h e i r g l o b a l m ari n e i n v en t o ry , an d p resen c e o f
o n l y sp ec i fi c c h l o r i n at ed aro m at i c ac i d s su g g est t h ese
c o m p o u n d s are p ro d u c ed i n si t u b y m ari n e m i c ro b es.

A w i d e v ar i et y o f o rg an o c h l o r i n e n at u ra l p ro d u c t s h av e
b een i d en t i fi ed i n m ari n e o rg an i sm s, i n c l u d i n g si m p l e
c h l o r i n at ed aro m at i c c o m p o u n d s ( 3 0 , 3 1 ) . H a l o g en at ed
o rg an i c c o m p o u n d s are th o u g h t t o serv e as c h em i c a l d efen se
ag en t s i n m arc o fau n a an d fl o ra, b u t h a l o g en at ed o rg an i c
c o m p o u n d s are al so c o m m o n i n m i c ro o rg an i sm s, w h ere th ei r
ro l e i s u n c l ear ( 3 0 ) . We kn o w o f n o rep o rt s t h at d esc r i b e
n at u ra l l y o c c u rr i n g p o l y c h l o r i n at ed b i p h en y l - l i ke c o m -
p o u n d s i n m ari n e o rg an i sm s. H o w ev er, a ser i es o f rec en t
p ap ers h av e d esc r i b ed a su i t e o f h a l o g en at ed d i m et h y l
b i p y rro l es th at are w i d el y fo u n d i n m ari n e b i o l o g i c al sam p l es,
i n c l u d i n g t i ssu e sam p l es o f m ari n e m am m al s an d b i rd s ( 3 2 ) .
H a l o g en at ed d i m et h y l b i p y rro l es h av e n o t b een m easu red
i n seaw at er, b u t t h ey d o o c c u r ev en i n l o w t ro p h i c l ev e l s i n
m ari n e fo o d w eb s an d are m o st l i ke l y p ro d u c ed b y m ari n e
p h y t o p l an kt o n o r b ac t er i a ( 3 3 ) . Th e t et rac h l o ro b i p h en y l
c arb o xy l i c ac i d s rep o rt ed h ere are a l so w i d e l y d i st r i b u t ed i n
t h e m ari n e en v i ro n m en t , an d t h e l arg e g l o b a l i n v en t o ry
su g g est s t h ey are m o st l i ke l y p ro d u c ed b y m ari n e m i c ro -
o rg an i sm s.

Ch l o ro fl u o ro c arb o n ( CFC) i n d u c ed d ep l et i o n o f st rat o -
sp h eri c o z o n e, p art i c u l ar l y at h i g h l at i t u d es, h as ra i sed
c o n c ern o v er p o t en t i a l l y d e l et er i o u s i m p ac t s t o m ari n e
ec o sy st em s fro m en h an c ed exp o su re t o h arm fu l u l t rav i o l e t

FIGURE4. Proton nuclear magnetic resonance spectra of (A) CDOM Fraction 1, identified as 2,4-dichlorobenzoic acid, (B) CDOM Fraction
2, an isomer of tetrachlorobiphenyl carboxylic acid, (C) CDOM Fraction 3a, an isomer of of tetrachlorobiphenyl carboxylic acid, and (D)
CDOM Fraction 3b, an isomer of of tetrachlorobiphenyl carboxylic acid. Samples were dissolved in deuterated methanol, and chemical
shifts are relative to methanol at 3.5 ppm. Chemical shifts and coupling constants are provided in the text.

TABLE2. Concentrations (µg/L) of Dissolved Chlorinated
Aromatic Acids in Seawater

sample 2,4-DCBA
Fraction

2
Fraction

3a
Fraction

3b

Pacific Ocean, 3 m 0.4 1.2a 1.0 1.0
Pacific Ocean, 1800 m 1.0 1.6 1.3 1.3
Bermuda, 3 m 8.3 0.4 0.9a

Woods Hole, 3 m 0.3 0.3 0.4
a Values were calculated with the assumption that TCBCAs have

twice the molar extinction coefficient as 2,4-dichlorobenzoic acid.
Compounds TCBCA-2 and TCBCA-3 coelute on the HPLCsystem shown
in Figure 1 and were quantified by further separation on a second
chromatographic system. However, these two compounds were not
quantified separately for the Bermuda sample.
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rad i at i o n ( 3 4 ) . Co l o red d i sso l v ed o rg an i c m at t er i s t h e
p ri n c i p a l l i g h t - ab so rb i n g c o m p o n en t i n t h e U V- A an d U V- B
an d l i m i t s t h e p en et rat i o n o f U V rad i at i o n i n t h e w at er
c o l u m n . In resp o n se t o i n c reased l ev e l s o f U V rad i at i o n ,
m ari n e m i c ro b es m ay reg u l at e t h e i r b i o sy n t h esi s o f U V
ad so rb i n g c o m p o u n d s su c h as m y c o sp o ri n e- l i ke am i n o ac i d s
( 3 5 ) . Lo w c o n c en t rat i o n s o f d i sso l v ed m y c o sp o ri n e- l i ke
am i n o ac i d s h av e b een m easu red i n p ro d u c t i v e c o ast a l
w at ers, an d t h e re l ease o f U V ad so rb i n g c o m p o u n d s m ay b e
o n e st rat eg y b y w h i c h m ari n e m i c ro b es l i m i t d am ag e b y
h arm fu l U V rad i at i o n ( 3 6 ) . Th e c h l o r i n at ed aro m at i c ac i d s
rep o rt ed h ere a l so l i m i t t h e d ep t h o f U V p en et rat i o n i n t h e
m ari n e w at er c o l u m n . Fu rt h er w o rk i s n eed ed t o est ab l i sh
t h e sp ec i fi c b i o l o g i c a l so u rc es, c y c l i n g ,an d fat e o f t h ese
c o m p o u n d s as w el l as t h e i r ro l e i n at t en u at i n g u l t rav i o l e t
rad i at i o n w i t h d ep t h i n t h e w at er c o l u m n .
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