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Clean techniques for trace metal analysis in natural waters
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ABSTRACT : The metals we are familiar with(Al, Ag, Au, Cu, Cd, Co, Fe, Ni, Pb, Zn, etc) are common elements and conservative
pollutants. Although metals are often vital constituents of the metabolism of living organisms{trace elements), a number of them
are toxic if their concentration exceeds a certain threshold. It has long been recognized that measurements of trace metals in
natural waters are often subject to large errors in terms of precision and accuracy. Since 1975 in US and European countries,
seawater concentration of many trace metals have been shown to be factors of 10-1,000 lower than those previously accepted.
Vertical profiles have been found to be consistent with known biological, physical and/or geochemical processes. These are resulted
from major advances in analytical instrumentation and methodology for trace elements, and greater attention has been given to
assuring the elimination of contamination during sampling, storage, and analysis.
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Fig. 1. Comparison of results of intercomparison exercises

| (mean and standard deviation) for trace metal analysis
of seawater conducted during the past two decades.
Nurnber of participating laboratories shown. Range of
concentrations in seawater based in recent reliable data.
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Fig. 2. Sampling zones for the collection of unpolluted
surface seawater. (A) Waters crossed by ship,
severely polluted; (B) drifting zone, severely

polluted;

from ship, moderately polluted;

(C) zone of airborne contamination
(D) desirable

sampling zone.
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Fig. 3. Suitable equipment for sampling surface seawater.
(1) Telescopic fiberglass bar(35m); (2) polyethylene
disk; (3) nylon-coated holder; (4) silicone tubing
fastener; (5) polyethylene or Teflon sampling bottle.
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Fig. 4. Equipment for sampling surface waters.
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Table 1. Concentration of trace metals obtained using
anodic stipping voltammetry at pH2 for Cu, Cd, Pb and
pHA4.8 for Zn(nM).

Collection Replicat

Station . Cd Cu Pb 7Zn
method e
- Southwest  Swimmer '
1 004 16 013 015
Sargasso collected
Teflon b
2 002 36° 013 0.17
bottle
3 004 19 027 037
Ship
1 002 13 029 10
collected
Go-Fl
© 2 002 16 043 23
bottle
Swimmer
1 003 17 036 20
collected
Go-Flo
2 003 24 041 24
bottle
3 003 22 037 26
Straits of Swimmer
o 1 0 25 010 014
Floridia collected
Teflon
2 004 30 022 023
bottle
Ship
1 004 31 045 11
~ collected
Go-Flo
2 005 31 024 13
bottle
Swimmer
1 004 27 041 15
collected
Go-Flo
2 004 33 043 15
bottle

w20o] A5 I+ Microlayer”}t

* Individual bottle or casts.
P Contamination suspected.
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Fig. 5. Schemetic of pumping system intake.
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Fig. 6. Clean room system. A) Nonlaminar airflow, B)
Horizontal laminar airflow, C) Vertical laminar airflow.
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Agel AHEE Ajfo] 2o o] E ARR F&
o] oW ARZHOE FAuiHy 35 T ¥ AFE A
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o AR3IEE it} F31E Table 20 “'?:M] Zo| AHE5
1 AYAHCRE dAuEeE I58E HNG::Y EEE(m3E 34)
FEE YEIREY 2 BEE Merck "Suprapur’>Merck
"Uuprapur’>Seastar Chemicals "Baseline”¢] 42 3 532
ohth 7 Qa9 B FulelA $AMAR Zelzt UAck Fe
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Table 2. Impurities in nitric acids with producer and

grade(pg/g).

Elements Merck Merck Seastar

"Suprapu”  "Ultapur” __ Chemicals”Baseline”
Ag <1,000 <&0 <1
Al 2,000 100 <10
As <1,000 <100 <10
Au <1,000 <50 <1
Ca 3,000 500 <20
Cd <1,000 <50 <1
| Co <1,000 <50 <1
Cr <1,000 <50 <10
Cu <1,000 <50 <3
Fe <1,000 200 <20
<1,000 <80 - <100

K <1,000 100 <10
Mg <1,000 <50 <5
Mn <1,000 <50 <1
Na 3,000 50 <5
Ni | 1,000 60 <10
Pb <1,000 <50 <1
Se - <200 <10
Sn <1,000 <50 <10
Zn <1,000 80 <3

A0 ARl F8 Alekel A A
e AASATHMizuike, 1983). AlFE AAStE thgdt
o] 9o} 7} Z=7F(Sub-boiling distillation® ¥£3), &
55, 7k &9, o2, A%, A4dA, ¥R % s T
o] @o] o] &Hu Al AEE F HESL §8HS HE
gted AFHA 7o) wet A = gk

Table 39+ D& &

Table 3. Selected for preparing

high—purity reagents.

laboratory methods

Methods

Distillation, Ion exchange
'Distillation, Isotherma_l distillation,
Dissolution of hydrogen chlonde in

Reagents
Water
Hydrochloric acid

water, Ion exchange
Distillation, Isothermal distillation,
Dissolution of hydrogen fluonde in

Hydrofluoric acid

water |
Dissolution of hydrogen bromide in

water, Ion exchange

Hydrobromide acid

Nitric acid Distillation

Perchloric acid Distillation

Sulfuric acid Distillation |

Aqueous ammonia Disti]lation, Isothermal distillation,

Dissolution of ammonia in water

Distillation, Back-extraction
Filtration, Recrystallization, Copreci
-pitation, Electrolysis, Ion exchange,
Liquid-ligquid extraction, Zone
-melting, Acid plus base

Organic solvents
Salts of alkali and
alkaline earth
elements

Chelate reagent Solvent-extraction, Ion exchange

5.2 <

AF AT dAFdAM AdF AR vEFESE ARE
AEsA g53817] Adxe AlE AF, 717 2 Al AAE,
B B4 F 49 #AAd H4d7]=(Clean technique)<
Hgstojol 3= ez yrEzon, ol rlgoe] dy B
w51 At 53] AF3Y $FE M S vEREESS T
mEes A JYerz ¢ Hltat& Fo7b a7
v 3o 3 @Y QA 53 g dE ZoblAe
ol 27X $7 Hr} £ AT ol L7 B2 AR AMS
Ha itk wekd 34 elMel n@EEs A% #4 4%
2 ¥is mo} AFFE [Ih 2H A R 4 F &% By
A Tol S8 Ame FEHAUALE BAAT7] Ao o
T&o st HAri=e H8 9 By vt gasio
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