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HEAVY METAL CONTENT IN VARIOUS TISSUES OF THE MUDSKIPPER, 

BOLEOPHTHALMUS DUSSUMIERI (CUV) AT THE MAHI ESTUARY

The Mahi river and its tributary the Mini, which flow 
along the outskirts of Baroda city from northwest to south 
west and ultimately join tlie Arabian sea at the Gulf of 
Cambay at a distance of about 100 km from the city, has 
served as the most convenient receptacle of sewage and 
industrial waste originating from the huge industrial 
complex, that developed in the Nandesari-Koyli belt between 
1960 and 1980. The increasing pollution load and sporadic 
reports of death of fishes and cattle, and human health 
problems, lead the state public health department to 
envisage the construction of a channel for conveying the 
industrial waste, for discharge into the Mahi estuary at the 
Gulf of Cambay. Ultimately, a closed conduit (with movable 
slabs) effluent channel with a common treatment plant at its 
origin was constructed in the year 1983 . The channel coursing 
through 24 villages and a distance of about 56 Km, conveys 
the industrial waste of the Nandesari complex into the Mahi 
estuary. Prior to the constructiion of the channel, National 
Environmental Engineering Research Institute (NEERI) had 
undertaken a survey of the Mahi river and its estuary at the 
Gulf of Cambay, in 1975. The above study showed severe
pollution of the Mahi river and its effects on the life of
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fishes in the river. Eleven species of fishes were
identified at different sampling stations at the Mahi
estuary, and the dominant fishes identified were the ones 
that ascend the estuary from the Gulf region to the estuarine 
region of the Mahi river and then return to the Gulf. During 
ebbing under neap tide conditions, the migrating fishes were 
found only upto the sill near. Mohammadpura and were not found 
in the upstream direction beyond the sill but, during the 
spring cide, some of the fishes could be observed even 
upstream beyound the sill. Now about 12 years after the 
construction of the effluent channel, there is hardly any 
fish fauna nor any fishing activity at Sarod (the point at 
which the channel opens into the estuary), about 36-39 km 
downstream of Mohammadpura, where the earlier study had shown 
the pressence of fishes. Presently, most common fish that 
could be seen in the area around the "J" point, shiv mandir 
(downstream), and at Sarod (upstream) is, the Mudskipper, 
B.dussumieri. Occasionaly the flat fish, (Synaptura) could be 
seen in the early part of the present study in 1991, but 
never seen later in 1993. Earlier studies (Chapters- I and II) 
have shown increasing contamination of the Mahi estuarine 
waters and its sediment by heavy metals originating from the 
effluent channel discharge.Heavy metals are the major 
ingredients of industrial effluents, and are characterised by 
their biologically non-degradable nature and tendency for
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the highest metal concentrations in polluted systems.Sediment 
and detritus feeding animals tend to accumulate higher metal 
concentrations than animals at higher tropic levels 
{Gearheart et a1., 1992) , Since the mud skipper, 
B.dussumieri, is the most commonly found fish fauna in the 
study area and, forms the cheaply and easily available food 
of the poor coastal community, an analysis of the metal 
content in various tissues of the specie has been currently 
undertaken.

MATERIALS AND METHODS

The fishes were collected from the "J" point, Kavi 
(down stream of J point) and Sarod( up stream of J point) . 
The control fishes for the estimation of background metal 
content were collected from Dumas in Surat (Tapi estuary) 
and Hansot in Bharuch (Narmada estuary). The fishes were 
collected during 1991-1993 and, after bringing them to the 
laboratory, they were sacrificed and the gill, muscle, liver, 
intestine, brain and gonads were dissected out and oven 
dried. The oven dried materials were transferred to conical 
flasks containing 3 ml each of sulphuric acid and nitric acid 
and 94 ml of distilled water. They were then kept on a hot
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plate for digestion till the volume was reduced to 5 ml. The 
flasks were then cooled and the volume was again made up to 
100 ml by adding distilled water. They were then filtered 
through whatman filter paper No. 40, and, 10 ml samples were 
taken and diluted to 100 ml before aspiration in an atomic 
absorption spectrophotometer for analysis of various metals. 
The values obtained are expressed as ppm (pg/gm or mg/kg).

RESULTS

The concentration of various metals in different organs 
of B.dussumleri is shown in table 1 and, tables 2, 3 depict 
the relation between Water/Sediment content of metals and the 
amount accumulated in various organs in terms of one ppm 
metal contamination in the enviornmcnt. In general, the 
content of various metals in tissues and organs was found to 
be significantly greater in fishes captured from the 
experimental sites than the control ones (Figs- 1-6) . The 
background levels of Pb, Fe and Zn were quite high in fishes 
from the non-polluted areas. Again, fishes obtained from the 
"J" point had higher metal content than those captured from 
the down stream area. The order of accumulation in various 
organs are, liver- Cu>Pb>Zn>Ni>Fe>Cr>Cd, intestine- 
Cu>Pb>Zn>Cr>Ni>Fe>Cd, muscle- Zn>Pb>Cd>Fe>Cu>Cr, gill- 
Fe>Pb>Co>Cd>Ni>Cr, ovaries- Pb>Fe>Zn>Cr>Ni>Cd>Cu and brain- 
Zn>Ni>Cd>Fe>Pb>Cu>Cr.
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TABLE 1: MEAN METAL CONTENT (mg/fy) IN TISSUES OF B.dussumieri

SR.TISSUE PLACE Cr
NO

1 LIVER DUMAS 2.4
2 BHARUCH 1.7
3 (Hansot)
4 Shiv Temple 3.3
5 "J"Point 3.3
1 INTESTINE Dumas 2.6

. 2 Bharuch 4.9
3 (Hansot)
4 Shiv Temple 4.4
5 "J"Point 31.5
1 MUSCLE DUMAS 1.4
2 BHARUCH 1.4
3 (Hansot)
4 Shiv Tempi 1.3
5 "J"Point 2.4
1 BRAIN DUMAS 1.0
2 BHARUCH . 1.3
3 (Hansot)
4 Shiv Temple 29.0
5 "J"Point 39.1
1 GILL DUMAS 2.4
2 BHARUCH 2.1
3 (Hansot)
4 Shiv Temple 5.3
5 "J"Point 13.4
1 OVARY DUMAS 3.7
2 BHARUCH 3.1
3 (Hansot)
4 Shiv Temple 3.9
5 "J"Point 4.9

Zn Ni Pb Cd Fe Cu

6.2 1.9 20.2 2.1 27.7 2.6
4.8 1.9 19.0 1.5 8.1 2.0

44.5 4.2 35.2 3.0 11.4 34.7
54.0 25.5 61.7 3.2 14.8 109.9
2.4 2.'4 26.4 1.9 3.4 2.6
5.9 2.3 16.2 1.8 4.2 3.2
21.8 4.3 30.8 2.2 8.6 60.5
52.9 21.8 60.6 5.1 12.8 126.9
3.1 2.1 2.1 1.1 2.1 1.7
4.4 1.4 2.00 1.5 1.9 1.3
52.8 1.7 4.6 3.3 2.1 4.3
75.3 3.8 23.6 11.8 3.9 7.7
26.0 1.4 4.1 6.3 3.9 1.1
11.6 1.0 4.3 2.5 2.7 1.2
47.2 44.2 48.6 48.5 30.3 28.0
100.1 86.0 46.0 62.9 48.8 44.0

2.1 4.1 5.2 3.6 24.2 2.7
1.1 8.2 5.6 5.0 19.7 4.2
1.3 11.5 5.3 5.3 38.9 12.7

14.4 22.4 48.1 12.6 49.7 19.6
4.0 1.4 3.6 2.6 4.2 2.1
4.2 1.4 3.6 2.5 5.7 2.1
5.2 2.2 4.1 3.3 5.3 2.1
6.2 4.1 6.2 4.1 5.7 3.2



TA
BL

E 
2:
 S

HO
WI

NG
 T

HE
 A

BS
OL

UT
E 

CA
PA

CI
TY

 F
OR

 A
CC

UM
UL

AT
IO

N
.V
AR
IO
US
 M

ET
AL

S 
BY

 T
IS

SU
ES

 O
F 

B.
dU

SS
Um

ie
ri

 A
S 

A 
PR

OP
OR

TI
ON

 
OF

 U
NI

T 
CO

NT
EN

T 
OF

 W
AT

ER
 (

lp
pm
 - 

mg
/1
)

240

38
.1
9,
 
55

2.
26

33
.0
3 

63
7.

68
9.
94
 

38
.5

9
12
5.
94
 

22
1.

11
12

8.
15
 

98
.2

4
14
.7
4 

16
.0

8

Fe
 

Cu

14
9.

51
 

12
2.

04
14
6.
85
 

19
3.

82
57
.1
9 

44
6.

08
11

1.
47
 

23
79

.7
1

11
6.

56
 

47
5.

11
15
.0
2 

15
4.

60
PD 

Qd

92
 12

0.
50
 13

8.
24

 
09
 11

8.
16
 11

8.
32

 
63
 16

8.
26
 20.

46
 

01
 22

3.
59

 46
6.

78
 

92
 32.

05
 12

1.
58

 
52
 11.

64
 22.

31

Zn
 

Ni
SR

.T
IS

SU
E  Cr

 
NO
. 1 
LI

VE
R 

22
2 

IN
TE

ST
IN

E 2
21

3 
MU

SC
LE

 
16

4 
BR

AI
N 

27
5

5 
GI

LL
 

93
6 
OV

AR
Y 

34



CO ►£*

Cu

0.
36
8

0.
42
5

0.
02
6

0.
14
7

0.
06
5 HHo•o

Fe

0.
01
5

0.
01
3 oo•

o

oino•

o 0.
05
1

0.
00
6

PD

HH
O

O 0.
01
7

0.
03
9

0.
21
0

0.
04
2

0.
03
7

£
160*

o\COo .0
35

.0
68

.0
71

.0
09

o o o o o o

Ni 0.
05
1

0.
04
3 t"oo

o 0.
01
7

0.
04
4 00oo•

o

Zn 0.
02
7

0.
02
7

0.
03
8

0.
50
4

0.
00
7

0.
00
3

Cr

inoo•

o

rtino•

o 0.
03
9

0.
06
4

0.
02
2 COoo•

o

SR
.T
IS
SU
E

NO
. ’ 1 
LI
VE
R

2 
IN
TE
ST
IN
E

3 
MU
SC
LE

4 
BR
AI
N

5 
GI
LL

6 
OV
AR
Y

TA
BL
E 

3:
 S

HO
WI
NG
 T
HE
 A
BS
OL
UT
E 

CA
PA
CI
TY
 F
OR
 A
CC
UM
UL
AT
IO
N 
OF

VA
RI
OU
S 

ME
TA
LS
 B
Y 
TI
SS
UE
S 

OF
 B
.d
us
su
mi
er
i 
AS
 A

 P
RO
PO
RT
IO
N 

OF
 U
NI

T 
CO
NT
EN
T 
SE
DI
ME
NT
 (

lp
pm
 - 

mg
/1
)



f 006S

2^2

-tv
2

a

■a
3o

IV

o

-hV

•}V-
dJ

IT

—

—a CL

HV~

-\V
XD

U

8
(Nl

ID
0
0
ID 8

00

0
0

0
0

O
O

O
O

O
O

0
0

CO co fN O CO CNI

asDajoui eBD^eojad

Fi
g.

1 
-P

er
ce

nt
ag

e inc
re

as
e of

 va
rio

us
 me

ta
ls

 in 
th

e b
ra

in
 of m

ud
 skip

pe
r fr

om
 

th
e Ma

hi
 estu

ar
y.



39
00

243

3O

cNJ

XIQ.

li_

TD

o

o
o
"TI'M

AV
ooCTi

oo o
oin

AV
o
o
m

o
o

^soajDuj 060^5019^

o

o
LO

JJ
29

-2
Pe

rc
en

t a
ge

 inc
re

as
e of

 var
io

us
 me

ta
ls

 in 
th

e liv
er

 of 
m

ud
 skip

pe
r fr

om
 the 

M
ah

i es
tu

ar
y.



20
0

244

jQ
Q.

TJ
O

c
Nl

3
O

o»Ll

o1X5 OfNI o
00 o

^T
aSDeJDU] 36DIU03J3CI

Fi
g.

3P
er

ce
nt

ag
e in

cr
ea

se
 of v

ar
io

us
 me

ta
ls

 in 
th

e ov
ar

y o
f mu

d s
ki

pp
er

 fro
m

 the
 

M
ah

i est
ua

ry
.



75
0

245

n EL

3
O

cN

CJ

iz

5

U"> O LO o in o

22
5 ---- 1—

UD o
lO fNJin in-•t

rvoo om 15
0

75

espajpu] e6D}ueojad

<

Fi
g4

 p
er

ce
nt

ag
e incr

ea
se

 of 
va

rio
us

 m
et

al
s in

 th
e gi

ll of
 m

ud
 Skip

pe
r fr

om
 the 

M
ah

i  est
ua

ry
.



18
50

246

Fi
g.

5 P
er

ce
nt

ag
e incr

ea
se

 of 
va

rio
us

 m
et

al
s in 

th
e i

nt
es

tin
e o

f mu
d skip

pe
r fr

om
 the

 

M
ah

i est
ua

ry
.



21
00

247



248
The relative content of various metals in different 

organs in terms of unit content of tltu mctullu (I ppm) in iJic 
estuarine water, shows accumulation of Cd to be the greatest, 
followed by Cu, Ni, Zn Cr Pb and Fe in that order (table 2) . 
The relative content of various metals in different organs in 
terms of unit content of the metals (lppm), in the sediments, 
shows accumulation of Cu to be greatest followed by Pb, Cd, 
Ni, Cr, Zn and Fe (Figs- 7-13) .

DISCUSSION

Many metals are essential in small amounts for plant 
and animal life, but optimum concentration ranges are 
frequently very narrow. In these cases, the difference 

between the concentration of a metal necessary for best 
growth and survival, and concentration resulting in toxic or 
adverse effects can be surprisingly small. Non-optimal 
concentrations of essential metals are commonly found in 
nature and, in an ecosystem, species differ in their response 
to metal concentration (i.e., species have differing survival 
potential in environments of different metal forms and 
concentrations). Carpenter (1924) was among the first to 
provide scientific observations of the reduction in flora and 
fauna in Pb and Zn polluted rivers of West Wales. Metals 
which are essential/beneficial for plant or animal in small
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Fig 7 Absolute content of Cu in the various tissues in relation 
unit content (1ppm; mg/kg) in the1 sediment.
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’Fig 8 Absolute content of Pb in various tissues in relation to 
unit (1ppm; mg/kg) in the sediment- ,
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unit content (1 ppm; mg/kg) in the sediment-
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concentrations but, which can be toxic in large
concentrations are, As, Cu, Cr, Ni, Se, Ag and Zn. Other 
metals such as Pb, Cr and Hg, which are not essential to life 
are also toxic to organisms in concentrations commonly found 
in soils and natural waters. Heavy metals are known 
pollutants which affect the quality of life in aquatic 

ecosystem (Kaviraj and Konar, 1982), and concentrations of 
polluting heavy metals are significantly higher. In the 
aquatic biosphere, which has signficantly higher metal 
concentration (Waldichuk, 1974), uptake of heavy metals by 
aquatic organisms has been reported by many workers (Part and 
Svanberg, 1981; Norey et al., 1990), and according to them, 
bioaccumulation of metals depends on the availability and 
persistence of metals in water and food, physical and 
chemical properties of metals, quality of holding water, 
uptake and transport of xenobiotics, biotransformation and, 
depuration. It is difficult to generalise about uptake and 
accumulation of metals in aquatic organism, not only because 
of specie difference but, also due to the fact that even in 
some species, different metals are accumulated differentialy 
in different tissues. This has been clearly shown by the 
differential concentration of trace metals in the tissues of 
fishes (Weiner and Giesy, 1979) . Heavy metals being non- 
biodegradable, necessitates an understanding of their
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uptake, distribution and, persistence in tissues of 
organisms.

The present study on the Mahi estuary which receives 
effluents continuously, has shown that the only fish that can 
be found in the area, the mudskippers, have increased content 
of various metals studied, in their tissues. However, looking 
at the data on the metal content in the tissues of 
mudskippers which are obtained from other estuarine areas 
not receiving industrial effluents, it can be concluded that 
Pb, Fe and Zn are the major metal contaminants in the 
estuarine and coastal areas of central and south Gujarat. The 
metal content in the effluent water as well as the Mahi 
estuarine water receiving the effluent, shows higher 
incidence of Pb, Fe, and Zn, followed by Cd, Cu, Ni and Cr 
(Chapter- I). This is a reflection of the type of industries 
and industrial activities concentrated in the Nandesari area. 
In terms of total metal content in different tissues of the 
mud skipper, Pb is the most highly accumulated metal with 
maximum accumulation in liver and intestine followed by gill, 
brain muscle and ovary in the order of their accumulation 
and, Cd the least accumulated.- The other metals accumulated 
in concentrations ranging between these two are, Zn, Fe, Cu, 
Ni and Cr in the order of their accumulation. In terms of the 
capacitiy of various tissues to concentrate metals, liver
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showed the maximal accumulation of Cu and minimal 
accumulation of Cd with, Pb, Zn, Ni, Fe and Cr in ranges 
between the two. Intestine also showed more or less similar 
pattern of accumulation with the heirarchial order being Cu, 
Pb, Zn, Cr, Ni, Fe and Cd. The order of accumulation of 
various metals by muscle is Zn, Pb, Cd, Cu, Fe, Ni and Cr. 
Brain also showed a similar higher accumulation of Zn and 
lower accumulation of Cr. However, the order of accumulation 

of other metals lying in ranges between the two is, Cd, Fe, 
Pb, Ni and Cu. Gills showed maximum accumulation of Fe, and 
minimal accumulation of Pb with Ni, Cu, Zn, and Cr in 
concentration ranging in between. The ovary also showed 
differential capacities of accumulation, with accumulation 
of metals in the order Pb, Fe, Zn, Cr, Ni, Cd and Cu.

Though the total metal contents of the tissues of mud 
skippers was in the order Pb>Zn>Fe>Cu>Ni>Cr>Cd>, actual metal 
accumulation in terns of per unit metal contamintion (ippm) 
of the estuarine water and the sediment, shows greater 

accumulation with respect to Cu, Cd and Ni (see tables 2 and 
3 and Figs- 8-14}. A perusal of the tables and figures shows 
that among the seven metals, Cd and Cu maximally accumulated 
in majority of the tissues. Brain has the maximal 
accumulation of majority of metals followed by gills,
intestine and liver. To be more precise, of the metals
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accumulated in the various tissues, Cd had the greatest 
accumulation in muscle, brain, gills and gonads while copper 
had the greatest accumulation in liver and intestine. Of the 
tissues showing various metal content, brain had the maximum 
accumulation of Cr, Zn, Ni and Cd while, gill had maximum 
accumulation of Fe, intestine of Cu and, liver of Pb. Though 
metal content of tissues in terms of ppm metal content in the 
water and the sediment has been calculated, in the present 
case, the actual accumulation in terms of ppm content in the 
sediment would be more relevant and valid as the mud skipper 
is sediment burrower. Cadmium sequestering organs of fish 
have been identified as liver, kidney and gills (Norey et 
al., 1990). The above study showed that while gill was the 
major organ for Cd accumulation in the rainbow trout, the 
liver and kidney were the major organs of accumulation in the 
stone loach. Similarly, an uptake study of Cd in tissues of 
the Indian major carp, Catla catla (Vincent and Ambrose, 
1994) showed the gill, kidney and liver to be the major 
organs of Cd accumulation in that order. However, the present 
study on mud skipper shows brain and muscle to be the major 
tissues of Cd accumulation followed by gills and gonads. This 
may suggest a species difference and even the modifying 
influence by co-contaminated metals. In this respect, Leland 
and Kuvabara (1985) have suggested that, mechanisms of 
accumulation and storage of froo metals in aquatic animals
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are diverse, varying with chemical form, mode of uptake, and 
animal species. The degree of accumulation in aquatic 
organisms depends on the type of food chain, on the 
availability and persistence of the contaminant in water, and 
especially, on the nature and amount of the contaminant. The 
presence of other contaminant, especially other metals can 
also influence accumulation (Gearheart et al., 1992).

A cursory glance of table 4a-4f reveals that, the 
levels of various metals in liver or, whole body of fishes, 
either considered safe for human consumption or, recommended 
for protection of biotic species, are much lesser than what 
are racorJed for in the mud skipper in the present study. 
Apparently, the mud skippers in the Mahi estuary, at and 
around the "J" point, have accumulated very high 
concentration of metals which are not only detrimental to the 
species concerned but also to human health, as the mud 
skippers form the cheaply available staple fish food for the 
economically weaker section of the society, and is the only 
species found in the Mahi estuary at or around the "J" point. 
It poses potentially great health hazard in the long run to 
the populace residing in the close-by villages.
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CCrtGNLY OBSERVED CADMIUM LEVELS

HYDROSPHERE
Coastal sea waters* *0.05 ppb
Sediment8

LITHOSPHERE

1.300 ppb

Marine sediments* 30-1000, ppb

Sol 11

BIOSPHERE

10-4500 ppb

Vegetables. Grams2 0 05-1 2 ppm
Crops, Plants* <1.Oppm FW
Leaf tissue,Normal levels8 50-200 ppb DW

i Etuioi 1982, 4. Adiianu 138c, 1}. AabaLa-kondias

CADMIUM TOXICOLOGY

101AL CADMIUM LEVELS LIKEY 10 CAUSE 
ADVLRSl EIFEC1S

PRONOOUNED OR PROBABLE

i » **c*h w«i *»» * Ml M,s.
Sail 1 4.b ppb
Aquatic plants* 0,02 to 1,0 pppm
Estuary Fish* LC50 8.0 to 85 ppm

Apparent effects threshold, sediment' levels 
indicating detrimental effects on

Leaf tissue, excessive or 
toxic level7

Vertibrate tissue residues*
5 to 30 ppm DW

Contammted Kidney/liver
Whole body

10 ppm FW
2 ppb FW

Life threatening Kidney/liver
Whole body

Drinking water Standards6

2Q0ppm FW
5 ppm FW

Federal mcl* S.Oppb

California MCL* 10.0 ppb

1:Eisler 1985, 5:Moore 1984, «:Maykbeck 1989, 7: Dabis 1989 

* Maximum Concentration Level

RECOMMENDED CADMIUM LEVELS FOR PROTECTION OF BIOTIC RESOURCES

Freshwater, at lOOppm hardness4 1.1 ppb total Cd

Salt water4 9.3 ppbtotal Cd

Freshwater Sediment7 <1.0ppm DW

Fish tissue concentration, safe for human

Consumption 0.5 ppm FW
Pish Liver EDL853) 0.40 ppm FW
Fish Liver EDL9S3

Vertebrate tissues

1.65 ppm FW

Kidnev/Liver1 <10 0 mg/Kg FW

whole body1 <2.0 mg/kg FW

Vertebrate diet1 <100 mg/kg FW

1:Staler 1985. 3-CWRCB 1990 4:HPA 19H‘, ’ - Oavis 1989
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TABLE 4b - CHROMIUM

CHROMIUM BACKGROUND LEVELS
BIOSPHERE1
Fish <8.0 mg/kg DW
Fresh Water fish <0.25 ppm FW
1. Eisler 1986, 4: Moore 1984.

CHROMIUM TOXICOLOGY
LEVELS CAUSING DEATH OF SENSITIVE SPECIES 1 
Levels producing sublethal effects1 
Rainbow trout3 51 ppb
fathead minnow3 1000 ppb

l:Eisler 1986 3: MATC,Eilser 1986.

RECOMMENDED CHROMIUM LEVELS FOR PROTECTION OF BIOTIC RESOURCES
Freshwater to protect aquatic life2
MATC* rainbow trout3 51 -105 ppb
MATC* fathead minnow3 1,000 - 3,950 ppb

2:EPA 1986 3:MATC, Eisler 1986.
* MATC - Maximum Acceptable toxicant concentration
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TABLE 4c - COPPER

COPPER BACKGROUND LEVELS
BIOSPHERE
Plants require 5.20 ppm, in tissues3

Muscle 0.2-0.5ppm
Liver 1.0-110.0 ppm
3: Rand 1985.

COPPER TOXICOLOGY
Acutely toxic to marine & freshwater
organisms
LC-50 levels1

5-4004ppm

Fresh water fish LC-50 10.0-100.Oppb.
Marine Fish LC-50 10.0 to 10.0009(xx) ppb
Levels producing sub lethal effects
Fish9 20-200ppm
IrEisler 1981 9:Moore 1984

RECOMMENDED COPPER LEVELS FOR PROTECTION OF BIOTIC RESOURCES
Non trout fish liver7

EDL*85 13 ppm FW
EDL 95 36.6 ppm FW

Trout liver 7
EDL*85 171 ppm FW
EDL 95 232 ppm FW

7:CWRCB 1990.
* EDL - Elevated Data level
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LEAD BACKGROUND LEVELS
BIOSPHERE 
Worldwide averageJ 
Fish, whole 0.2ppm

l:Eisler 1988

FAD TOXTCITY

Levels causing death of sensitive species

Fish, 96 LC50 0.5 to lOppm

4: Moore 1984

RECOMMENDED LEAD LEVELS FOR PROTECTION OF BIOTIC RESOURCES
Fresh water to protect aquatic life, 
100 ppm hardness2 
Fish live EDL*85 
Fish live EDL*95 

2:EPA 1985
* EDL - Elevated Data Level

3.2 ppb 
0.lOppm FW 
0.20ppm FW
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NICKEL BACKGROUND LEVELS
BIOSPHERE
Marine and freshwater fish <1.0 ppm FW

, *-)Marine teleosts, edible tissues'6 <0.3 ppm FW
2. Eisler 1981 EPA 1980 9: Kabata-Penduas 1984

NICKEL TOXICOLOGY
CONCENTRATION IN WATER CAUSING DEATH OF SENSITIVE SPECIES 
LC-50 values
Fish3 6.0 to 38
Fish7 5.0 to 100 ppm
Levels producing sub lethal effects 
Marine fish9 350 ppm

3: Kelly 1988 7: EPA 1980 9: Kabata Pendias 1984

RECOMMENDED NICKEL LEVELS FOR PROTECTION OF BIOTIC RESOURCES
Fresh water to protect aquatic life6
Salt water to protect aquatic life6

160 ppb (atlOOppm 
CaC03 hardness)
8.3 ppb

6: EPA 1986
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ZINC BACKGROUND LEVELS
BIOSPHERE

. *1Marine biota
Teleosts
1:Eisler 1981.

6.0-400 ppm DW

ZINC TOXICOLOGY
Acutely toxic to fish water & marine-organesms12 0.2-500 ppm
Levels causing death, LC-50
Fish8 0.09-100 ppm8

Marine organisms2
Fish 60 mg/1
Levels producing sub lethal effects

, . ?Marine organisms
Yearling Salmon 0.15-0.95 mg/1

Insects & fish absent at water
level 0.4 mg/1

2:Connel 19984 12:Kabata - Pendias

RECOMMENDED ZINC LEVELS FOR PROTECTION OF BIOTIC RESOURCES
Freshwater to protect aquatic life,-100 ppm handness4 100 ppb

Salt water to protect aquaticclife4 86 ppb

4:EPA 1986.


