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A survey of mercury and pesticide residue content of 
biota collected from four coastal areas of Hawaii was un- 
dertaken as part of a multi-disciplinary project in Qual- 
ity of Coastal Waters (LAU 1972, 1973) supported by the 
Sea Grant Program of the University of Hawaii. Informa- 
tion collected from this survey is presented for evidence 
of biological concentration of mercury and of any influ- 
ence of agricultural or urban waste discharges on mercury 
concentrations in coastal biota. 

MATERIALS AND METHODS 

The four coastal areas involved were located adjacent 
to Kilauea and McBryde sugar plantations along the north- 
east and south shores of Kauai, and the Kahana and Mauna- 
lua Bay areas along the northeast and southeast shores of 
Oahu. At the outset of the study in 1971, the two areas 

off Kauai were undergoing some alteration by changes in 
waste discharges from the plantations. McBryde plantation 
had curtailed liquid and waste discharges during the pre- 
vious two-year period and sugar mill operations at Kilauea 
had ceased permanently at the time the study began. Kaha- 
na Bay represented a relatively pristine area remote from 
agriculture or urban development. Maunalua Bay, including 
an extensive marina, represented a domestic urban, drain- 
age area of Honolulu. 

The survey continued from 1971 through 1974. Sam- 
pling stations located in each of the areas were periodi- 
cally visited during each year to obtain quantitative and 
qualitative information on biota present. AI1 biological 
specimens collected were packed in ice and later frozen 
until analytical determinations could be made. Species 
identification and categorization followed established 
taxonomy and practice (EDMONSON 1946; GOSLINE and BROCK 
1971; HOSAKA 1965; TINKER 1965). 

Measurements of total mercury were made by the method 
of RIVERS et al. (1972). Homogenized samples were digest- 
ed with nitric acid over low heat and further oxidized 
with potassium permanganate. Excess oxidizing agents were 
reduced with hydroxylamine after which mercury ions were 
reduced to elemental mercury with stannous chloride and 
vaporized into the flameless atomic absorption apparatus. 
Where biota specimens were sufficiently large for ready 
dissection, muscle tissue was the preferred and usual type 
of tissue analyzed. Where idssection was not feasible, 
composite tissues were analyzed. 
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RESULTS AND DISCUSSION 

The 223 biological specimens collected represented 
58 different animal species. Species identification and 
mean mercury concentrations measured are given in Table I. 
Vertebrates and invertebrates are grouped according to 
primary food material as herbivores, omnivores, primary 
benthic carnivores and secondary benthic carnivores. AI1 
but a few of the species collected were benthic in habitat. 

M e r c u r y  c o n c e n t r a t i o n s  f o u n d  r a n g e d  f rom u n d e t e c t a b l e  
( < 0 . 0 1  ppm) i n  26% o f  t h e  s a m p l e s  a n a l y z e d  t o  a h i g h  o f  1 . 0  
ppm i n  one  s a m p l e .  The o v e r a l l  mean v a l u e  f o u n d  was 0 . 0 8  
ppm. 

As noted in Table I, there was considerable variation 
in mercury concentrations found among different species. 
One-way analysis of variance of the measurement data showed 
highly significant differences (P<0.001) to exist between 
mean values of mercury for different trophic levels. Vari- 
ation between mean values for families of organisms within 
different trophic levels was not significant except for 
that occurring among familles categorized as primary ben- 
thic carnivores (P<0.001). Thus, the increase in mean mer- 
cury value with each elevation in trophic level is strongly 
suggestive of successive biological concentration and 
transport of this element. 

Separate analysis of variance of mercury measurements 
from the Kilauea, Kahana Bay and Moanalua Bay areas of the 
survey all showed the same highly significant differences 
between mean values of mercury at different trophic levels. 
The fourth area of the survey, McBryde, was omitted from 
the analysis because of insufficient species representation 
at each trophic level. 

Earlier results of mercury measurements made on sam- 
ples collected from the Kilauea area of this survey had 
shown that higher concentrations of mercury were found in 
organisms feeding on benthic organic material than in or- 
ganisms feeding above the sediment-water interface (KLEMMER 
and LUOMA 1973). However, results now complete for a sim- 
ilar categorization of species show that highest concentra- 
tions of mercury were round in organisms feeding above the 
sediment-water interface, as indicated in Table 2. Analy- 
sis of variance showed the differences in mean values in 
this table to be significant at all trophic levels (P<.05). 
Thus, it would appear that mercury transport does occur 
through one or more linear food chains from algae to her- 
bivore, omnivore and carnivore. 

A d d i t i o n a l  o n e - w a y  a n a l y s i s  o f  v a r i a n c e  we re  made t o  
d e t e r m i n e  any  d i f f e r e n c e s  i n  m e r c u r y  c o n c e n t r a t i o n s  f o u n d  
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TABLE 1 

MERCURY CONCENTRATION (ppm) IN BIOTA 
C0LLECTED FROM COASTAL WATERS OF HAWAII 

NO. OF 
FAHILY SPECIES COHHON NAHE SAMPLES HEAN S.0. 

Herbivore: 
Acanthur]dae Ctenoch~zet~8 s t r ~ l O a U S  Surgeonf|sh 3 0.03 0.03 

~ A c c ~ t h u . w ~  a a ~ u s 1 7 1 1 6 3  " 17 0.04 0.04 
" " nigrors " 6 0.05 0.05 
" " leucopareius " 1 0 . 0 0  0 . 0 0  
" " ma t~  " 3 0 . 0 3  0 . 0 6  

Hug|l idae Neomya:ue chapte~ii Olamond Scale Rul le t  2 0.03 0.04 
" M~gil cephalus Sea Hu l le t  9 0.03 0.03 
" Mugil engeZi Si lver  Rul le t  3 0.01 0.02 

Chanidae Chano8 ohano8 H i l k f | s h  2 0.03 0.01 
Scaridae CaZotomue eandvloen~is Par ro t f i sh  4 0.05 0.04 
Blenn|dae Cs163 llncopunctate~ Blenny I 0.O0 0.00 
Echinidae T~pneue~es gra%s Sea urchin 6 o.03 0 . 0 6  
Ech|nometridae Echlnometr~ me~hes " 3 0 . 0 0  0 . 0 0  

" Colobocen~roty8 .y2ns Flat sea urchln 2 0.08 0.11 
Pate l l idae Cellana eza~ata Llmpet 9 0.02 0-03 
Ner l t idae N e r i t a  p i c e a  Pltchy seasnall 4 0.03 0.01 
Venerldae Tape8 japon|ca Clam 4 0.02 0.01 
Plakobranch|dae Plakobranchus oceZlata Sea slug I 0.00 0.00 
Holothuridae HoZo~humia atra Sea cucumber 9 0.04 0.05 
Ophiothr|c|dae ~hs B r | t t l e  star  1 0,00 0.00 

Omn|vore: 90 0.03 0.04 
Kyphosidae gypho~um cinera8cen8 Rudderflsh 5 0.06 0.07 
Pomacentr|dae Pomacen~rus jenk~nsl Damselflsh 5 0.04 0.05 

" Abundefduf abdominaZis " 6 0.08 0.O7 
" " sindons " I 0 . 0 0  0 . 0 0  
" " sordioee " I 0.02 0.00 

Labrldae ThaZo88oma c~pez,~e~~ Wrasse 4 0.10 0.06 
Chaetodont|dae C h a e t o d o n  m u l t i o s  B u t t e r f l y f l s h  I 0.17 0.00 
Bal is t idae Bali~tes fu8cu~ Tr ig9er f | sh  I 0.07 0.OO 
Eleotr idae Electrle sandms Goby I 0.08 0.00 
Protunidae PodophthaZm~ uigi~ Long-eyed swirnmlng crab 4 0.03 0.01 

*' Thalamita crentzta Crenate swlmming crab 6 0.09 0.10 
" Portunus sangus Blood-spotted swimmlng 

crab I 0.09 0.OO 
" " d6p . r~ssa  Aama swimmlng crab 1 0.10 0.00 

Grapsidae Graps'us g~ap~u~ Rock crab 3 O.10 0.09 
Ocypod[dae O~ypode ceratophthalma Ghost r 9 0.12 0.08 
Palaemonidae t~ccrobz~zohizan OEa~~~z~8 Prawn I 0.08 O.OO 

Pr|mary Benth|c Carnivore: 
Labridae Bodianus bs 
Holocentridae H o l o o e n t z ~ s  ds 

,, ~ j ~ p ~ s  
" " b e z ~ ~ t s  

Hul l idae Mullolds eoa.oensio 
" Parupeneu~ ohryser~dros 
" " multifasoiatua 
" " pleurostig.~ 
,, . porphgreu8 

Priacanth|dae Pr~aeanthu8 o~'uen~x~~z~8 
Kuh11idae Kul~~4xz 8andvioensia 
AIbul idae AlbuZa ~lpes 
Dlodontldae Diodon hyst~i˜ 
Octopodidae Ooto~x8 ootop~8 

Secondary Benth|c Carnlvore: 
Lutjanidae Lutjanu~ kasms 
Synodontldae S g ~ s  d e r w ~ t o g e ~  
Cl r rh i t l dae  Cirrhi~us altez~tus 
Scorpaenldae Soez~zenops~a e~cop~s 
Huraenidae G ~ r n o t h o r a ~  em,  os~s,e 
Congrldae Conffermargina~us 
Sphyraenldae S p h y r a e n a  b a r r a c u o e  

50 0.O8 0.07 

Spotted wrasse 6 0.05 0.03 
•qu l r re l f i sh  3 0.31 0.22 

" 2 0.39 0.18 
" I 0.18 0.00 

Goatf lsh 4 0.09 0.11 
" 2 0.03 0.04 
" 6 0.04 0.03 
'+ 2 0 . 1 2  0 . O 8  
" •8 0 . 0 9  0 . 0 8  

Red big-eye 8 0.05 0.04 
White bass 9 O.12 0.09 
Boneflsh 1 0.08 0.00 
Splny puf fer  2 0.19 0.05 
Octopus 4 0.0~ 0.02 

68 0.10 0.10 

Blue- l lne Perch I 0.22 0.OO 
L |zard f l sh  2 0.07 0.10 
Hawkflsh 8 0.32 0.37 
Scorplonf|sh I 0.05 0.00 
Horay eel 1 0.31 0.00 
Conger eel I 0.32 0.00 
B~rracuda 1 0.3h 0.00 

15 0.26 O.28 
J 

456 



TABLE 2 

MEAN MERCURY CONCENTRATIONS (ppm) IN BIOTA CATEGORIZED 
BY BENTHIC FEEDING HABIT AND TROPHIC LEVEL 

HERBIVORES OMNIVORES CARNIVORES 

1. Feeding hab i t  in d i r e c t  
contact  w i t h  sediment 

2. Feeding habit above 
sediment-water interface 

�9 0 2 2  . 0 5 8  �9 0 7 5  

�9 036 .070 .080 

i n  i d e n t i c a l  s p e c i e s  c o l l e c t e d  f rom e a c h  o f  t h e  f o u r  a r e a s  

o f  t h e  s u r v e y  and o v e r  t h e  4 y e a r s  d u r i n g  which  t h e  s u r v e y  
was c o n d u c t e d .  No s i g n i f i c a n t  d i f f e r e n c e s  were  f o u n d  be-  
tween  e i t h e r  t h e  s a m p l i n g  a r e a s  or  t h e  4 y e a r s  o f  s a m p l i n g .  
Th i s  would  s u g g e s t  t h a t  m e r c u r y  c o n c e n t r a t i o n s  f o u n d  i n  
t h e  o r g a n i s m s  c o l l e c t e d  were  h o t  b e i n g  i n f l u e n c e d  by u r b a n ,  
d o m e s t i c  d r a i n a g e  i n  t h e  Mauna lua  Bay a r e a ,  or  by a g r i c u l -  
t u r a l  - r a i n a g e  in  t h e  a r e a s  b o r d e r i n g  K i l a u e a  and McBryde 
s u g a r  p l a n t a t i o n s .  F u r t h e r ,  r e d u c t i o n s  i n  t h e  amoun t s  o f  
l i q u i d  and s o l i d  a g r i c u l t u r a l  w a s t e s  added  to  t h e  K i l a u e a  
and McBryde c o a s t a l  a r e a s  o v e r  t h e  4 y e a r s ,  p a r t i c u l a r l y  
w i t h  c e s s a t i o n  o f  s u g a r  m i l l  o p e r a t i o n s  a t  K i l a u e a ,  had  
no s i g n i f i c a n t  e f f e c t  on m e r c u r y  c o n c e n t r a t i o n s  f o u n d  i n  
t h e  b i o t a  f rom t h e s e  a r e a s .  
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