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Abstract

When sampling the environment, one desires not only an

accurate analysis of a particular sample, but also an analy-

sis which is representative of the region sampled and one that

can be repeated within reasonable limits. Replicate sediment

samples were collected in the course of mapping a portion of

the sea floor on the west coast of Puerto Rico. The location

is in the discharge region of the Guanajibo River. Ten repli-

cate grab samples were taken by independent positioning of

the ship. The samples were stripped with hydrocholoric acid

and the resulting solutions analyzed by AAS for Ca, Cd, Co,

Cr, Cu, Fe, Mg, Mn, Ni, Pb, Sr and Zn. The standard devi-

ations of replicate analyses of individual samples were gener-

ally less than for the individual samples themselves. Chemical

standards prepared in our laboratory were used to determine

the value of the samples. Particle size and homogeneity are

factors considered with respect to the number of replicates

required and sample size. The average concentrations for

several elements in a set of 10 samples with confidence limits
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for 95 percent level as determined by AAS are as follows:

Cd, 0.840+0.011; Co, S6.S±0.2; Cr, 696+8; Cu, 30.7±0.4;

Fe, 60000+1010; Mn, 827+5; Ni, 487±S; Pb, 17.2+0.2; and

Zn, 70.3±0.8 p/g dry sediment. A composite sample from this

location was prepared for use as a standard in future sediment

analyses.

Key Words: Trace elements, sediments, Caribbean, AAS,

Puerto Rico, accuracy, precision, replicates,

standard.
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Introduction

Over the past few years, attention has been focused on

those activities of man which tend to worsen the quality of

the aquatic environment. We have discharged our wastes into

the nearest body of water without concern. This practice

continued at an increasing rate until it became quite ap-

parent that major efforts would be necessary to avert mankind's

self-destruction. Knowledge of the present state of a system

is a major step toward determining its ability to support life,

its immediate threat to man, and what steps are needed to

rectify an adverse situation. Obviously polluted regions need

to be sampled to establish reclamation programs and base lines

for regions where new contamination sources are anticipated.

One could, of course, rush out and collect a large number

and variety of samples and analyze for everything under the

sun but this would be wasteful, expensive and time consuming.

Rather, initially it should be decided what knowledge of the

system is needed and to what accuracy because effort tends to

increase exponentially with accuracy.



Trace elements leached during the weathering process,

in addition to those added by industrial and domestic sources,

are carried via streams and sewers to lakes and bays and

usually on to the ocean. However, there may be "traps" along

the way caused by changes in the physicochemical parameters.

Estuaries are prime locations for trace elements to accumulate

due to multiple inputs and high gradients of pH, E^, ionic

conductivity, currents and suspended particle loads. Trace

elements are often incorporated into the sediments under such

conditions.

While investigating the behavior of trace elements during

transport, deposition and biological uptake, it was decided

that an initial survey of the river-ocean system was necessary

to determine the distribution and level of trace elements in

sediments. This study was expanded to include three river

discharge regions on the west coast of Puerto Rico (fig. 1).

Variations in sample processing, laboratory standards

and conditions of analysis soon indicated a need for a natural

sediment standard. One station in the Guanajibo River (GUB-44'5)

discharge region was chosen as a source of a standard sediment

(fig. 1). Sample locations are determined by using the first

number, '4', as east-west coordinate in figure 1 and the second

number, '43*, as the north-south coordinate. This sediment

is receiving extensive analysis and a portion of it will b«

included in future analyses of other sediment samples to

serve as a check on the analytical method. The results of

replicate analyses of sediment from Guanajibo Bay station

GUB-443 are discussed below.
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Fig. t. Study region for trace elements in sediments on the
west coast of Puerto Rico. Sample numbers are
determined from the horizontal numbers followed by
the vertical reference numbers.



Methods and Materials

Sampling

The nearshore waters of western Puerto Rico were sampled

from the RV R.F. Palumbo using a Shipek grab. The grab has

a spring loaded bucket which is triggered by the impact with

the sea bed. The bucket then turns through 180°enclosing the

nearly undisturbed sample for its trip to the deck of the ship,

Typically, the bucket is removed from the grab and taken to

a wet laboratory where the inner portion of the sample is re-

moved with a plastic scoop and placed in an acid cleaned

plastic sediment container. The samples are then frozen until

ready for analysis. Sample locations were determined by using

a combination of radar, channel marker buoys, land marks and

depth soundings. A total of ten samples were taken at station

GUB-443, each by independent positioning of the ship. Each

sample contained an excess of 500 gm of sediment. The error

on positioning was approximately a radius of 50 m.

Sample preparation

This general survey of trace elements in sediments re-

quired only a simple reproducible method. Prior to. analysis

the samples were thawed and mixed. They were then subjected

to hydrochloric acid which dissolved most trace elements not

occluded in silicious material. Sufficient wet sediment to

give > 50 g of dry sediment was placed in a 250 ml beaker,

covered with a ribbed watch glass, and dried to a constant

weight at 120°C in a drying oven. After drying and weighing,



the samples were treated with 175 ml of 6 N HC1 and stirred

periodically. (Some sediments contain a high percentage of

carbonates and therefore require more acid added slowly in

a larger beaker.) About 24 hours was allowed for the initial

stripping. The supernate was then decanted and a second

addition of 125 ml of 6 N HC1 was added to ensure complete

removal of all readily accessible trace elements. The re-

mainder of the sediment was then treated with several 50 ml

distilled water rinses, and added to the acid strippings.

The final volume of strippings was measured, well mixed and

a 50 ml aliquot removed for analysis. This portion was cen-

trifuged at 3000 ± 200 rpm for 5 minutes to separate suspended-

particulate matter.

The concentration of many of the elements determined were

too high to analyze directly by atomic absorption. Therefore,

dilutions were made in the ratios: 1:50, 1:100, 1:125, 1:500,

1:2500, 1:5000, and 1:10,000. The original solutions and

their diluents were placed in dry acid cleaned linear poly-

ethylene bottles for analysis using a Perkin-Elmer Model 303

atomic absorption spectrophotometer.

Standard solutions of each element analyzed were run

before and after each set of analyses. Standards were also

run between every ten samples when a large number was analyzed.

The data were recorded on chart paper as percent absorption

for each sample.



Calculations

Percent absorption was converted to absorbance using

a conversion table. The standards were recorded on linear

graph paper--as absorbance against concentration (ppjn). Final

concentrations were reported as micrograms of element per

gram of dry sediment after the proper dilution, blank and

conversion factors were accounted for. The elements de-

termined and the corresponding AAS settings are given in

Table 1.

Sediment sizes

A sample of the sediment was dried and sieved. Almost

5t percent of the sample was collected on the +4 0 screen

(62.5 urn)• Sixteen percent was collected on the +3 0 screen

and 32 percent was finer than +4 0. A few shell fragments

were collected on the - 1 0 screen but accounted for less than

.1 percent of the total.

Results

The corresponding mean, x, estimate of the standard

deviation, s, and confidence limits for the mean at the 95

percent level for the elements analyzed are given in Table 2.

These means are for ten independent samples and include

errors in sampling, analysis and inhomogeneity of the area

sampled. Only strontium has a peicent relative standard

deviation greater than 3 percent (3.2 percent). Thus, based

on this set of samples, replicate analysis will be within



TABLE 1. Atomic absorption spectrometry settings for the elements analyzed

Element

Ca

Cd

Co

Cr

Cu

Fe

Mg

Mn

Ni

Pb

Sr

Zn

Wave
length

211

229

241

358

325

248

285

273

232

283

230

214

Slit
width

4

4

3

4

3

3

4

3

3

4

3

4

Source
ma

15

8

30

30

30

30

15

30

30

8

20

15

Absorptivity

.047

.10

.073

.012

.038

.019

.52

.056

.024

.008

.026

.17

Scale

1

1

1

1

1

1

1

1

2

2

1

1

Noise
Suppression

1

1

2

1

1

2

I

1

2

2

2

2



TABLE 2 . Concentrations of elements determined by AAS in : (1) ten samples from GUB-443
(18O8.1'N, 67°H.7'W) and ( I I ) replicate analyses of group ( I ) samples In ug/g

( I ) (ID

Ca

Cd

Co

Cr

Cu

Fe

Mg

Mn

Ni

Pb

Sr

In

X

25000

.840

56.5

696

30.7

60000

38900

827

487

17.2

229

70.3

s

500

.019

.4

14

.6

1700

800

9

• 8

.3

7

1.4

%

1.9

2.3

.75

1.9

2.1

2.9

2.0

1.0

1.7

1.5

3.2

2.0

Conf. limits at
95% level;±

270

.011

.2

8

.4

- 1010

500

5

5

.2

4

.8

Sample
#

2

5

2

4

3

2

3

2

5

6

3

1

n

8

9

9

9

9

10

9

9

9

9

8

10 .

x"

25100

.891

56.2

722

32.5

60800

40800

871

480

16.9

217

74.0

s

100

.009

.2

5

.2

2000

200

1

3

.1

4

!.4

%

.5

1

.3

.7

.6

3

.4

.1

.7

.7

2

2



10 percent of the mean 95 percent of the time. This is

acceptable for most environmental work.

Several of the samples were selected for random repeat

runs on the AAS to check the precision of the instrument for

each element analyzed. The number of runs, n, means and

standard deviations are given in Table 2. The percent rela-

tive standard deviations for the replicate samples and the

repeated AAS runs are compared in figure 2. The results are

quite acceptable for most of the elements analyzed, especially

for Co and Mn. However, it is apparent that problems exist

for Fe, Sr and Zn.

The elemental values determined in GUB-443 sediment were

compared to values in shale [1] because of similar metal con-

centration levels and formation (fig. 3). Incomplete dis-

solution may have accounted for lower values of Cu, Sr and Zn

in GUB-443 than in shale, while Co, Cr, Mg and Ni values were

higher in the sediment probably because of major serpentinite

deposits in the Guanajibo River drainage area (fig. 1). Cadmium

was also higher in the sediment than in shale.

The original intent of the sampling in this region was

to delineate the trace element distributions and to correlate

this distribution to river discharges [2]. The distribution

of copper which correlates well with river plume patterns is

shown in figure 4. Copper had a correlation coefficient of

minus 0.64± .12 at the 95 percent level compared with the

nearness-to-source parameter. The sampling was done on a

1000 m grid.
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Fig. 4. The distribution of copper (yg/g) in marine sediments
is closely related to river plume patterns.



A comparison, of the values for copper at GUB-443 and

the four nearest samples is gi'ven in Table 3. The expected

range on the single sample value is plus or minus about ten

percent. The samples to the north (GUB-442) an(j southeast

(GUB-344) are not significantly different from GUB-443. How-

ever, the sample to the south (GUB-444) appears to be sig-

nificantly larger and the sample to the west (GUB-S43) is

definitely smaller.

Anomalies, such as the increase in copper south of

GUB-443, i.e., downstream from the apparent source, may re-

quire further sampling. This may be accomplished by repli-

cates at GUB-444, sampling for local lateral distribution,

and/or measuring other parameters such as associated trace

element concentrations, Epj, major element concentrations,

or bathymetric anomalies.

These detailed studies may require a change in the

approach outlined above. For example, the complete dissolution

of the sample and a number of replicates and/or larger sample

sizes may be required. The sample size is usually increased

as the grain size and inhomogeneity increase.

Several methods are available to determine the number of

replicate samples that are necessary for the desired confidence

limits [3,4]. However, these methods are purely statistical

and do not take into account the variability of parameters

found in natural systems. Usually, the number of replicates

is kept to a minimum to reduce the overall effort.



TABLE 3. Comparison of copper values determined at GUB-443 and the
four nearest samples

Sample §

GUB-443

442

344

444

543

01ft

-

N

SE

S

W

Vg Cu/g sed

30.7

35.7

29.4

43.7

17.5

s

.6

n

10

I

1

1

1



A practical method is to analyze a number of replicates

(e.g., ten) at a "typical" spot in the region of interest.

Then a statistical analysis of the results is used to de-

termine the number of replicates to be taken in the future

based upon the desired confidence limits.

A computer program was devised to do multiple mean and

standard deviation calculations on.the trace element values

obtained from the analyses of the ten GUB-443 replicates to

obtain a measure of the range of these values. The calcu-

lations were made on the first two values, then the first

three and so on through ten. Then the order was changed by

placing the last values first and moving the others up one.

The mean and standard deviations were again determined in

the same manner as before. This pattern was repeated for

a total of ten runs. Ten ruiis cannot be compared to the

10! possible combinations of these values, but they do give

a good estimate of the range of x and s as n increases from

2 to 9.

Plots of x, s and q are shown for two trace elements

(Cr and Cu) in figures 5 and 6. The range was used for n=l

in the plots of x against n. The other values were the high

and low means as determined in the program above. In the

plots of s against n, the high and low values were plotted

as well as their averages, s. The top plot in figures 5 and 6

e....-.
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is the percent relative standard deviation, q, against n where

q = |

and x is the mean determined for all ten samples. This should

result in a smooth curve, a function of ri"r , however, in

practice the plots of q against n can usually be reduced to

two straight lines. The n at or to the right of the inter-

section of these two straight lines then represents an opti-

mum number of replicates for this element at this location.

An inspection of the elements Cd, Co, Cr, Cu, Mn, Ni, Pb,

and Zn show a spread of n*3 to n=5 as being the optimum

number of replicates.

Discussion

If there is a need for replicate samples, at least three

should be taken and usually little is gained by taking more

than five replicates. An exception to this may be when small

differences are being sought between two similar values.

Precision and accuracy can be improved by increasing the

sample size and/or the number of samples. There is a limit

to this if non-destructive neutron activation is used for

the analyses. For large grained sediment samples or inhomo-

geneous samples it is better to dissolve a large sample and

irradiate a portion of the solution [5].



Summary

The degree of accuracy required in a particular environ-

mental investigation should be determined initially, realizing

that the error in one step of the process may be several

orders of magnitude greater than in another.

The chemical analysis should be as accurate as practical.

However, extreme accuracy in the analysis of a sample may not

be warranted if natural variability is high and only orders

of magnitude are required. Preliminary sampling may be neces-

sary if little is known of a region, to determine the level

of trace element concentrations, as well as sample size and

the number of replicates necessary to accurately describe

the system. The use of natural standards in addition to

laboratory standards is desirable as a check on the analytical

procedure and the degree of accuracy.



Figure Legends

Fig. 1. Study region for trace elements in sediments on the
west coast of Puerto Rico. Sample numbers are
determined from the horizontal numbers followed by
the vertical reference numbers.

Fig. 2. A comparison of the percent relative standard de-
viations, q, for metal concentrations in ten repli-
cate sediment samples and repeated runs on the AAS.

Fig. 3. A comparison of metal concentrations in GUB-443 sediment
and shale.

Fig. 4. The distribution of copper (ug/g) in marine sediments
is closely related to river plume patterns.

Fig. 5. Plots used to determine optimum number of replicates
for chromium in sediment from GUB-443.

Fig. 6. Plots used to determine optimum number of replicates
for copper in sediment from GUB-443.
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