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Chemical fractionation of lead in intertidal sediments from
Manukau Harbour, Auckland, New Zealand
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Abstract Four cores were collected from intertidal
sites in the Manukau Harbour, Auckland, New
Zealand. Cores were sub-sectioned under nitrogen;
total lead was determined following an acid digestion.
Pb was also determined in each of six chemical
phases resolved by differential extraction procedures.
Total Pb concentrations in surficial sediments varied
in the range 3.5-98 mg kg"1, with the highest level
observed at Little Huia. Although background Pb
concentrations are difficult to define, it is apparent
that discharges from the northern effluent outfall at
the New Zealand Steel Works, Glenbrook, have
approximately doubled sedimentary Pb concentrations in the immediate vicinity. Analyses of Pb
partitioning indicate that no diagenetic processes are
operating to remove Pb from the sediments. At Little
Huia, Pb preservation within the sedimentary record
is accompanied by transformations from iron/
manganese oxide to organic/sulfide phases.
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INTRODUCTION
Determination of the total concentration of an element
in a sediment core may provide a record of pollution
history. Typically, lead (Pb) profiles in sediments are
considered to exemplify anthropogenic influences,
manifest as high surficial Pb burdens with concentrations diminishing to background levels at depth
(Vernon et al. 1987). However, such an interpretation
is feasible only in the absence of diagenetic
remobilisation of an element within the sediment.
The depth distribution of total manganese in a core
often mimics that described for Pb, but reflects
markedly different processes; namely reductive
remobilisation at depth, followed by diffusion upwards into oxygenated surficial sediments via the
interstitial waters and subsequent oxidative
precipitation (Robbins & Callender 1975).
Increasingly the role of chemical speciation is
being considered to aid the interpretation of geochemical processes (de Mora & Harrison 1984). For
sediments, this generally means the determination of
elements within fractions resolved by sequential extraction techniques. The scheme of Tessieretal. (1979) has
gained widespread acceptance and has been utilised
for investigations of atmospheric aerosols and fly ash
(Wadge & Hutton 1987), street dusts and soils (Harrison
et al. 1981; Fergusson & Ryan 1984), riverine suspended paniculate material (Tessier et al. 1980) and
various other sediments (Dominik et al. 1983; Rapin
et al. 1983). Although few such investigations have
been conducted, down core studies enable an assessment to be made of the environmental mobility of an
element. This is important in defining the ability of
the sediments to act as a sink for contaminant discharges and establishing a local pollution record. But
also, elucidating Pb diagenesis has implications with
respect to the application of Pb-210 dating techniques.
The present study investigates the partitioning of
Pb in four cores collected at intertidal sites within the
Manukau Harbour. These cores are used to seek postdepositional variations in Pb behaviour and the local
effect of the New Zealand Steel Works with respect
toPb.
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Fig. 1 Map of Manukau Harbour
showing location of four sampling
sites.

METHODS
Cores, up to 50 cm in length, were collected from
four intertidal sites in the Manukau Harbour (Fig. 1).
Two sampling locations in the Waiuku Inlet were c.
10 m down stream of the northern (MK2) and southern
(MK3) effluent outfalls from the New Zealand Steel
Works at Glenbrook. The other locations at Little
Huia (MK1) and in the Taihiki River (MK4) were
meant to represent control sites. The site at MK1 was
c. 20 m from the coastal road.
Upon collection, cores were immediately subsectioned into 2 cm layers under nitrogen in order to
prevent aerial oxidation. Separate aliquots of
sediments were removal for the determination of
total Pb content following an acid digestion using an
HNO3/HC1O4/HF mixture, Pb fractionation utilising
a differential extraction procedure (based on Tessicr
et al. 1979 and Hong & Forstner 1983) as shown in
Table 1, and moisture content by drying to constant
weight at 105°C (Jeffrey 1970). Thus, all analyses
utilised wet sediment and results were subsequently
corrected to be expressed on a dry weight basis.
Pb analyses were carried out by graphite furnace
atomic absorption spectroscopy using a Perkin Elmer
5000 spectrometer with an HGA-500 graphite furnace
and AS-40 autosampler unit. Absorbances were
measured at 283.3 nra and the background corrected
using a deuterium lamp. Quantification was by the
method of standard addition. Ten replicate analyses

ofNBS 1646 Estuarine Sediment gave a concentration
of 28 ± 4 mg kg"1, in good agreement with the certified
value of 28 ± 1.8 mg kg"1. Using the paired Mest, there
was no significant difference between the Pb
determined by total acid digestion and that calculated
by summation of the six phases.
RESULTS
Geological description of the cores and major element
chemical data have been presented elsewhere
(Dcmcke 1987). Only the Pb chemistry is considered
here.
Total lead
Sediment profiles for total Pb at all study sites are
presented in Fig. 2. The greatest Pb burden was
found in the core collected at Little Huia (MK1). The
maximum concentration, 98 mg kg"1, occurred in the
surficial sediments and Pb levels decreased gradually
with depth to a minimum of 65 mg kg"1 at 18-20 cm.
In contrast, the lowest Pb content in the cores was
observed at the Taihiki River location (MK4).
Concentrations were 3.5-5 mg kg"1 throughout the
upper 28 cm. This location is utilised by New Zealand
Steel Works as a control site for evaluating the impact
of effluent discharge in the Waiuku Inlet.
Intermediate Pb burdens were observed in the
cores obtained in the vicinity of both outfalls from
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the New Zealand Steel Works. Higher concentrations
were found at the northern outfall (MK2), consistent
with the higher discharge rate and longer history of
effluent emission at this point. For this core, the
upper 8 cm contained 34-39 mg kg"1 Pb but below
8 cm the concentration was 15-27 mgkg" 1 . Pb
concentrations at the southern outfall (MK3) were
relatively uniform throughout the 24 cm length, being
in the range 9-16 mg kg"1. Although dates are not
available to provide confirmatory evidence, the
sediment characteristics in the lowest layer (22-24
cm) were markedly different to those of overlying
sediments and so it is likely that the complete pollution
record at this site was obtained (Demeke 1987).
Chemical fractionation of lead
The partitioning of Pb within sediments for the four
cores is illustrated in Fig. 2. In all cases, the data are
expressed in terms of relative composition to highlight
possible down-core variations.
For the Little Huia location (MK1), about half of
the Pb at all depths was present in the residual fraction.
This was the only site at which neither exchangeable
nor carbonate phase Pb was observed. Surficial
sediments contained equal proportions of reducible
and organic/sulfide associated Pb but with depth, the
relative amount of Pb associated with reducible phases
decreased. Also at the Taihiki River site (MK4), the
dominant phase was the residual fraction which
comprised about 35-55% of the total Pb. There were
no marked changes in partitioning down the length of
the 28 cm core. In contrast to other sites, very little
organic/sulfide Pb was present. Below 22 cm the
sediment was light brown in colour. Such observations
suggest that the sediments did not become anoxia
The Pb fractionation in sediments near both the
northern (MK2) and the southern outfalls (MK3) was
uniform throughout their length. However, the two
adjacent sites exhibited quite distinct differences. The
residual fraction constituted a minor portion (only

10-20%) of the total Pb at MK3, but this was the
dominant phase at the northern outfall (MK2). The
easily and moderately reducible phases comprised
the majority of the Pb burden for MK3. Finally,
exchangeable Pb was detected only at the northern
discharge site in this study.
DISCUSSION
The Pb content of surficial sediments is variable
within the Manukau Harbour, being 98 mg kg"1 at
Little Huia, 18-34 mg kg"1 in Waiuku Inlet, and <5
mg kg"1 in Taihiki River. Relatively few data are
available here, but results do agree well with those of
Glasby et al. (1988). In an extensive sampling
programme, they found that surficial Pb concentrations in the main body of the Manukau Harbour
were in the range 27-108 mg kg"1 in the < 20 |jm size
fraction. Lower levels (20-46 mg kg"1) were observed
in Waiuku Inlet. They noted that subsurface Pb
concentrations were less than surficial levels, probably
as a result of anthropogenic inputs; they do not
discount diagenetic influences. Similarly here, thePb
profile for the Little Huia core exemplifies recent
contamination, possibly resulting from localised
contamination from moored boats, road run-off, or
from the nearby city of Auckland. Roper et al. (1988)
reported slightly lower Pb concentrations in surficial
sediments from mudflats at six intertidal sites around
the Manukau Harbour. Concentrations generally
ranged between 10 and 20 mg kg"1, although a level
near 60 mg kg"1 was observed in the Mangere Inlet.
The marked inter-site differences in total Pb
content ensures that background Pb levels are rather
difficult to define. However, on the basis of the cores
from Waiuku Inlet, a reasonable estimate for the
background Pb concentration is 20 mg kg"1. This level
is relatively low but is consistent with values observed
elsewhere in New Zealand (Smith 1986; Kennedy in
press). The concentration of Pb in the Taihiki River

Table 1 Six chemical fractions characterised by sequential extraction procedures.
Fraction
Exchangeable
Carbonate
Easily reduced
Moderately reduced
Organic and sulfide
Residual

Extractant
1

+

1 mol I" Na CH3COO- (pH 8.2)
1 mol I-1 Na+CH3COO- (pH 5)
0.04 mol I 1 NH2OH.HC1 in 25% CH3COOH
0.2 mol H (COONH4)2.2H2O and
0.2 mol I"1 (COOH),.2H2O (pH 3)
30% H2O2 / 0.2 mol \A HNO3
HNO3 / HC1O4 / HF; Evaporate to dryness;
Residue dissolved in concentrated HC1

Time

Temp.

lh
5h
6h
24 h

Ambient
Ambient
96°C
Ambient

24 h

Ambient
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Fig. 2 Sediment profiles of total
Pb concentration (mgkg" 1 ) and
distribution of Pb in different
chemical fractions (%).
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sediment is appreciably lower, <5 mg kg"1, suggesting
that this is perhaps not a good control site for
considering possible impacts of the steelworks with
respect to Pb. It is worth rioting that the mineralogy at
this site was distinctly different from the other three
locations, being silica-enriched but depleted with
respect to Fe and Al (Demeke 1987). Assuming a
background of 20 mg kg"1, effluent discharge from
the New Zealand Steel Works has caused a Pb
enrichment of c. 20 mg kg"1 in sediments near the
northern outfall. No impacts near the southern
discharge could be discerned.
Considering Pb partitioning, the widespread usage
of the scheme of Tessieret al. (1979) allows inter-site

comparisons to be made. Although the relative
proportions of the Pb species in the four cores
examined here varied considerably, the residual
fraction generally constituted a substantial fraction of
the total Pb burden. This contrasts with the dominance
of iron/manganese oxide phase association in fresh
waters (Tessier et al. 1980; Dominik et al. 1983; Viel
et al. 1983). Carbonate phases predominate in marine
sediments (Dominik et al. 1983; Rapin et al. 1983). It
should be noted that Forstner (1982) observed that
residual Pb comprised 54% of that present in a surficial
sediment from the lower Rhine River which he
ascribed to aerial deposition of PbO. The results in
the Manukau Harbour suggest that the mineralogy of
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Fig. 2
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the sediments may pose a significant control on the
Pb content of the sediments. This would in part
explain the differences in the background Pb levels
observed within the harbour.
Although problems such as a lack of selectivity
(Kheboian & Bauer 1987) and re-adsorption (Rendcll
et al. 1980) may limit the rigour with which sequential
extraction data can be interpreted, such operationally
defined fractions can provide valuable indicators of
environmental mobility and possibly bioavailability
(deMora & Harrison 1984). Anthropogenic metal
discharges comprise relatively reactive phases and so
recent inputs should be manifest as surficial
enrichment of exchangeable, carbonate, and easily-
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reduced phases. Subsequent loss from the sediment
would tend to reinforce this profile in that the relative
importance of the residual component would increase
with depth. Such behaviour has been observed in
Lake Geneva (Dominik et al. 1983). Containment
within the sediments should be evident by either the
preservation of the chemical fractionation of the
surficial sediments or, more likely, by the
transformation of the reactive phases into moderately
reducible and organic/sulfide fractions at depth.
With the exception of the Little Huia sample
(MK1), there is little down-core variation in Pb
partitioning at any one location. As discussed above,
this observation indicates that Pb is not being removed
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from the sediments. Similar findings have been noted
for coastal sites in the Mediterranean Sea (Rapin ct
al. 1983; Dominik et al. 1983). Although it is surprising
that the Little Huia core alone contains no carbonateassociated Pb, a distinct trend is evident in the Pb
profile. The residual fraction constitutes about 50%
of the Pb at all depths, but the proportion associated
with the easily reducible iron/manganese oxides
decreases with depth. A concurrent increase in the
organic/sulfide phase is evident. Using X-ray
diffraction techniques, Purchase & Fergusson
(1986) identified the dominant Pb phases as PbCO3
at the surface and PbS at depth in a riverine sediment
profile. Pb that may be released following the
reduction of iron and manganese oxides is retained in
the sediments, probably as PbS. Hence in this
investigation, there is no evidence to suggest that
diagenetic processes are remobilising Pb from the
sediments in the Manukau Harbour but, rather, the
Pb is apparently being retained in association with
organic/sulfide phases.

CONCLUSION
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Although background cencenuations are difficult to
define, it is apparent that discharges from the northern
effluent outfall at the New Zealand Steel Works have
approximately doubled sedimentary Pb concentrations in the immediate: vicinity. The Pb burden is
greater still at Little Huia, an intertidal site in the
main body of the Manukau Harbour, possibly being
influenced by urban pollu tants or local contamination
from roads or moored boats.
Analyses of chemical fractionation indicate that
no diagenetic processes are operating to remove Pb
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Hong, Y.T.; Forstner, U. 1983: Speciation of heavy metals
in Yellow River sediment. Proceedings of the
International Conference on Heavy Metals in the
Environment, Heidelberg, September 1983. pp.
872-875.

ACKNOWLEDGMENTS
We thank Ian Johnson of New Zealand Steel Works for
assistance in the collection of cores from the Waiuku Inlet.
This project received fmanc ial support from the University
of Auckland Research Committee.

Rapin, F.; Nembrini, G.; Forstner, U.; Garcia, J. 1983:
Heavy metals in marine sediment phases
determined by sequential chemical extraction and
their interaction with interstitial water.
Environmental technology letters4: 387-396.

REFERENCES

Rcndell, P.; Batley, G.; Cameron, A. 1980: Adsorption as
a control of metal concentrations in metal extracts.
Environmental science and technology 14:
314-318.

Demeke, G. 1987: Chemical speciation of Manukau
Harbour sediment!;. Unpublished MSc thesis,
University of Auckland. 115 p.

Robbins, J. A.; Callender, E. 1975: Diagenesis of
manganese in Lake Michigan sediments. American
journal of science 275: 512-533.

Jeffrey, P. G. 1970: Chemical methods of rock analysis,
Oxford, Pergammon Press. 509 p.
Kennedy, P. in press: Lead in estuaries and coastal
sediments in New Zealand. In: Hay, J.; de Mora,
S. J. ed. Lead in the New Zealand environment.
Kheboian, C ; Bauer, C. 1987: Accuracy of selective
extraction procedures for metal speciation in model
aquatic sediments. Analytical chemistry 59:
1417_1423.
Purchase, N.; Fergusson, J. 1986: The distribution of lead
in river sediments, Christchurch, New Zealand.
Environmental pollution 12: 203-216.

de Mora & Demeke—Lead in sediments from Manukau Harbour
Roper, D. S.; Thrush, S. F.; Smith, D. G. 1988: The
influence of runoff on intertidal mudflat
communities. Marine environmental research 26:
1-18.
Smith, D. G. 1986: Heavy metals in the New Zealand
aquatic environment: a review. Water and soil
miscellaneous publication 100. 108 p.
Tessier, A.; Campbell, P. G. C ; Bisson, M. 1979: Sequential
extraction procedure for the speciation of
paniculate trace metals. Analytical chemistry 51:
844-851.
1980: Trace metal speciation in the Yamaska
and St. Francois Rivers (Quebec). Canadian
journal of earth science 17: 90-105.

575

Vernon, A.; Lambert, C. E.; Isley, A.; Linet, P.; Grousset,
F. 1987: Evidence of recent lead pollution in
deep north-east Atlantic sediments. Nature 326:
278-281.
Viel, M.; Nembrini, G.; Dominik, J.; Vernet, J. 1983:
Vertical distribution and chemical speciation of
heavy metal in Lago Maggiore sediments (North
Italy). Proceedings ofthe International Conference
on Heavy Metals in the Environment, Heidelberg,
September 1983. 793-796.
Wadge, A.; Hutton, M. 1987: The leachability and chemical
speciation of selected trace elements in fly ash
from coal combustion and refuse incineration.
Environmental pollution 48: 85-99.

