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Abstract
The m�d-west coast of Western Austral�a �s a h�ghly energet�c coastl�ne w�th only a few small 
r�vers dra�n�ng a relat�vely ar�d catchment. The sed�ments are med�um to coarse gra�ned sands 
�nterspersed  between  l�mestone  reefs  and  the  adjacent  terrestr�al  geology  �s  composed  of 
reworked sands of mar�ne and aeol�an or�g�n. 

The background concentrat�ons of heavy metals and organ�c contam�nants �n mar�ne sed�ments 
off the m�d-west coast of Western Austral�a (WA) are not well documented. Sed�ment samples 
were  taken  at  three  un�mpacted  reference  locat�ons  and  one  potent�ally  �mpacted  locat�on 
from the shallow coastal mar�ne env�ronment (<12 m depth) off the m�d-west coast of WA to 
determ�ne concentrat�ons of a range of selected metallo�ds, metals and organ�c chem�cals under 
natural background cond�t�ons. The su�te of chem�cals measured �ncluded alum�n�um, arsen�c, 
cadm�um,  chrom�um,  copper,  lead,  mercury,  n�ckel,  s�lver,  z�nc,  butylt�n  compounds,  total 
petroleum hydrocarbons, BTEX chem�cals, polycycl�c aromat�c hydrocarbons, organochlor�ne 
and organophosphate pest�c�des and PCBs. The work was undertaken to ach�eve two pr�mary 
object�ves. F�rstly, to prov�de a contemporary basel�ne for evaluat�ng anthropogen�c changes 
or  trends  �n sed�ment qual�ty around  reg�onal centers of development  (eg. ports). Secondly, 
to ascerta�n whether  the sed�ment qual�ty gu�del�nes  for  the protect�on of ecosystem health 
recommended  �n  the  Austral�an  and  New  Zealand  Gu�del�nes  for  Fresh  and  Mar�ne  Water 
Qual�ty (ANZECC & ARMCANZ, 2000) are appl�cable to the reg�on.

Background sed�ment qual�ty was found to be h�gh w�th concentrat�ons below the analyt�cal 
l�m�t  of  report�ng  for  all  of  the  organ�c  chem�cals  measured  and  some  of  the  metals.  The 
concentrat�ons of metals and metallo�ds �n the sed�ments were found to be at s�m�lar levels or 
lower than the concentrat�ons found �n other stud�es undertaken around Austral�a. 

No organ�c chem�cals were detected �n any of the samples. Compl�ance w�th the recommended 
sed�ment qual�ty gu�del�nes (ANZECC & ARMCANZ, 2000) could not be determ�ned for e�ght of 
the analysed chemicals (acenaphthene, anthracene, dibenzo(ah)anthracene, fluorene, lindane, 
chlordane, d�eldr�n and endr�n) because the laboratory analyt�cal l�m�t of report�ng was above 
the recommended gu�del�ne.

The  results of  th�s  study, and  the gu�del�nes and approaches  recommended  �n ANZECC & 
ARMCANZ (2000), were used to develop a set of sed�ment qual�ty gu�del�nes  that could be 
appl�ed to four d�fferent levels of ecolog�cal protect�on �n the mar�ne env�ronment of the m�d-
west coast. These are presented �n Table 13 of the report.
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1.  Introduct�on
The  Env�ronmental  Protect�on  Author�ty  (EPA)  has  developed  an  env�ronmental  qual�ty 
management framework (EQMF) for �mplement�ng the Australian and New Zealand Guidelines 
for Fresh and Marine Water Quality  (ANZECC  &  ARMCANZ  2000)  �n  Western  Austral�a 
(SWQMS, 2004). The EQMF �s be�ng appl�ed to manage waste d�scharges and depos�ts that 
can affect  the qual�ty of mar�ne ecosystems.  Implementat�on  �s currently  focussed on Perth 
metropol�tan coastal waters, �nclud�ng Cockburn Sound, and the North West Shelf. The m�d-
west coast reg�on of WA (see F�gure 1) �s an area where establ�shment of the EQMF w�ll help 
strateg�cally manage the effects of urban expans�on. 

The m�d-west coast of Western Austral�a �s a h�ghly energet�c coastl�ne w�th a moderate swell 
and strong sea breezes, predominantly from the south-west.  Tidal fluctuations are relatively 
low, rang�ng from 0.5 to 1.0 metre �n ampl�tude, and generally one cycle per day. Dur�ng the 
cooler months the Leeuw�n current carr�es warm trop�cal water down the west coast and then 
east along the south coast toward the Great Austral�an B�ght.  The adjacent terrestr�al geology 
�s  composed  of  reworked  sands  of  mar�ne  and  aeol�an  or�g�n  w�th  only  a  few  small  r�vers 
dra�n�ng a relat�vely ar�d catchment. The mar�ne sed�ments are med�um to coarse gra�ned sands 
�nterspersed  between  l�mestone  reefs. These  reefs  are  remnants of  anc�ent  coastl�nes and 
generally run parallel to the shorel�ne, often creat�ng �nshore lagoons and shelter�ng sect�ons 
of  the  coast  from  the  full  effects  of  swell  and  w�nd.  The  sandy  hab�tats  support  extens�ve 
Posidonia and Amphibolis seagrass meadows and the adjacent reefs are generally dom�nated 
by brown macroalgae. 

The EQMF �s based on protect�ng a set of env�ronmental values for the mar�ne env�ronment 
through  the  ach�evement  of  env�ronmental  qual�ty  object�ves  (broad  management  goals). 
Selected environmental quality indicators are measured and assessed against a specific set of 
env�ronmental qual�ty cr�ter�a (EQC) to determ�ne whether the env�ronmental qual�ty object�ves 
have been ach�eved.

The  env�ronmental  values  and  env�ronmental  qual�ty  object�ves  represent  the  commun�ty’s 
long-term des�res or goals for the mar�ne waters, and w�ll need to recogn�se and accommodate 
the range of uses to which these waters are subject. For example, the rock lobster fishery 
extends along the ent�re m�d-west coast and prov�des employment for the people of the reg�on 
and  export  revenue  for  the  State.    The  un�que  and  d�verse  character�st�cs  of  the  m�d-west 
coastal waters led to the establ�shment and subsequent gazettal of the Jur�en Bay Mar�ne Park 
on August 30 2003 by the Government of Western Austral�a. It �ncludes sanctuary and spec�al 
purpose zones prov�d�ng for a range of conservat�on, recreat�onal and commerc�al object�ves. 
M�d-west commun�t�es also expect to be able to undertake the�r recreat�onal pursu�ts �n a clean, 
uncontam�nated env�ronment.

Development  of  the  EQC  that  support  the  env�ronmental  values  and  env�ronmental  qual�ty 
object�ves w�ll  be based on  the numer�cal  gu�del�nes and approaches  recommended  �n  the 
Nat�onal gu�del�nes document (ANZECC & ARMCANZ, 2000). Th�s requ�res an understand�ng 
of natural background cond�t�ons �n the reg�on, but few programs have attempted to character�se 
background  concentrat�ons  of  contam�nants.  Most  sed�ment  qual�ty  mon�tor�ng  programs 
have focused around specific developments or activities (eg. Geraldton Port), and often used 
commerc�al laborator�es that are not equ�pped to measure at the analyt�cal l�m�ts requ�red to 
resolve actual background concentrat�ons for most contam�nants. 

Sed�ment contam�nants can be d�v�ded �nto two groups: those that occur naturally and have a 
background concentrat�on (eg. metals); and xenob�ot�c chem�cals (eg. some organ�c compounds 
such as TBT) wh�ch are produced by humans and do not occur naturally. Concentrat�ons of 
contaminants from the first group are generally influenced by geology and anthropogenic 
sources, concentrations of the second group are only influenced by anthropogenic sources. 
Elevated  levels  of  contam�nants  are  therefore  generally  caused  by  anthropogen�c  waste 
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d�scharges  and  depos�ts.  The  concentrat�ons  of  contam�nants  �n  mar�ne  sed�ments  can  be 
an  �nd�cat�on  of  the  health  of  the  surround�ng  env�ronment.  Therefore,  an  understand�ng  of 
natural background sed�ment qual�ty and a set of sed�ment qual�ty cr�ter�a that represent the 
l�m�t of acceptable change are useful  tools  to assess and manage the qual�ty of  the mar�ne 
env�ronment.

The two key object�ves of the sed�ment qual�ty program are:

•  to determ�ne whether the nat�onal sed�ment qual�ty gu�del�nes (ANZECC & ARMCANZ,  
  2000) for selected tox�cants are su�table for appl�cat�on to nearshore mar�ne sed�ments  
  of  the m�d west coast, and to develop new sed�ment qual�ty gu�del�nes for those    
  chem�cals where the nat�onal gu�del�nes are not appl�cable; and 

•  to determ�ne basel�ne cond�t�ons from wh�ch to assess any human-�nduced changes or  
  trends �n sed�ment qual�ty. 

The Department of Env�ronment (DoE) has already reported on background tox�cant 
concentrat�ons �n the mar�ne waters of the reg�on (McAlp�ne et al, 2005) and now th�s 
report w�ll character�se background sed�ment qual�ty. Together, these reports w�ll support 
the establ�shment of the EQMF for the m�d-west coast by determ�n�ng the relevance of the 
ANZECC & ARMCANZ water and sed�ment qual�ty gu�del�nes for a range of contam�nants 
cons�dered to be of greatest potent�al threat to env�ronmental qual�ty �n the reg�on. 

2.  Methods

2.1 Site selection

Reference  s�tes  were  chosen  at  three  locat�ons  (Jur�en  Bay  Mar�ne  Park,  Cl�ff  Head  and 
Horrocks) where anthropogenic influences on marine sediments are thought to be minimal. 
The s�tes selected for sampl�ng �n Jur�en Bay were based on the locat�on of the s�tes sampled 
for determ�n�ng basel�ne water qual�ty (McAlp�ne et al, 2005).

S�tes were also chosen �n Champ�on Bay where sed�ment qual�ty �s l�kely to have been affected 
by human act�v�ty. The Town of Geraldton and the Port of Geraldton are located on Champ�on 
Bay. The port is used by a large fishing fleet that works in the region and also attracts national 
and �nternat�onal sh�pp�ng.
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Figure 1: Locality map of the mid-west coast study area showing the sampling sites.
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2.2 Field sampling

F�eldwork  was  conducted  from  the  DEC  (formerly  DoE)  research  vessel  Zoila.  Sampl�ng 
was undertaken �n May 2005 by three DEC (formerly Department of Conservat�on and Land 
Management  (CALM))  d�vers.  Sample  handl�ng  and  preparat�on  on  board  the  Zoila  was 
performed by two DEC (formerly DoE) staff. 

S�xteen sampl�ng s�tes were selected for th�s study (F�gure 1 and Table 1) from four locat�ons 
that span approx�mately 300km of  the m�d-west coastl�ne. Four s�tes were sampled at each 
locat�on at vary�ng d�stances from the shore �n sandy substrates. 

Sampl�ng  was  conducted  dur�ng  dayl�ght  hours  over  a  range  of  t�dal  cycles  (F�gure  2)  and 
weather and sea cond�t�ons (Table 2). The max�mum t�dal ampl�tude over the durat�on of th�s 
study was about 0.7m. SCUBA d�vers collected the sed�ment samples us�ng clear polycarbonate 
core tubes. The �ntact cores were brought back to the boat and the sed�ment was extruded out 
through the top of the tube and the surface 2 cent�meters cut d�rectly �nto a sample conta�ner. 
Only the surface 2cm of sed�ment was sampled to ensure that the sampled sed�ments conta�ned 
contemporary contam�nant concentrat�ons. Methods and procedures for collect�on and handl�ng 
of samples are descr�bed �n Append�x A.

Table 1: Sampling locations.

Location Site 
code

Latitude* Longitude* Approx.  
depth at time of 

sampling (m)

Jur�en Bay Mar�ne Park JB1
JB2
JB3
JB4

30°10.45’ S
30°08.00’ S
30°25.60’ S
30°25.36’ S

114°59.65’ E
114°57.30’ E
115° 01.03’ E
115° 02.86’ E

10.0
6.2
8.0
5.0

Cl�ff Head     
 

CH1
CH2
CH3
CH4

29°32.89’ S
29°32.94’ S
29°28.57’ S
29°28.46’ S

114° 58.50’ E
114° 57.95’ E
114° 59.34’ E
114° 58.54’ E

3.0
7.5
6.0
6.5

Champ�on Bay     
 

CB1
CB2
CB3
CB4

28° 46.13’ S
28° 45.51’ S
28° 44.34’ S
28° 44.19’ S

114° 36.36’ E
114° 35.50’ E
114° 36.76’ E
114° 36.15’ E

5.5
11.0
7.0

10.0

Horrocks H1
H2
H3
H4

28° 21.59’ S
28° 21.68’ S
28° 19.97’ S
28° 20.12’ S

114° 24.67’ E
114° 24.45’ E
114° 23.78’ E
114° 23.48’ E

6.5
11.5
6.5
10.0

* Datum �s WGS84. 
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Three replicate samples (of five cores each) were taken at each of the 16 sample sites. Each 
repl�cate was analysed separately for metal concentrat�ons. For the organ�c chem�cal analyses, 
the three repl�cates were compos�ted for each s�te, except CB2. At s�te CB2 the three repl�cates 
were analysed separately to assess var�ab�l�ty among samples collected at the same s�te. At 
each s�te sub-samples were taken from the metal samples for sed�ment part�cle s�ze fract�onat�on 
to determ�ne the proport�on of part�cles <63 µm �n s�ze.

Figure 2: Predicted tide heights for the sampling period at the nearest available stations.

Table 2 : Weather and sea conditions.

Date/Location Winds Sun/Cloud Swell

10 May 2005
Jur�en Bay

NW at 10 knots reduc�ng to 5 knots 
by m�d afternoon

F�ne and partly cloudy Swell <1m

11 May 2005
Cl�ff Head

NW, 5-10 knots Cloudy but f�ne Swell <1m

12 May 2005
Horrocks

WNW, 5-10 knots F�ne and partly cloudy Swell <1m

13 May 2005
Champ�on Bay

SE, 10–15 knots F�ne and partly cloudy Swell <1m 

All samples were kept �n the dark and on �ce from t�me of collect�on unt�l del�very to the analyt�cal 
laboratory. Samples were del�vered to the respect�ve analyt�cal laborator�es at the end of the 
field program and within 7 days of collection. Full details of the sediment sampling procedures 
are g�ven �n Append�x A.
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2.3 Sample analysis

Methods and procedures for prepar�ng sample conta�ners and for analys�s of each selected 
contam�nant are descr�bed �n Append�x A.

The focus of the program was on those tox�c contam�nants cons�dered to be of greatest potent�al 
threat to sed�ment qual�ty �n the reg�on over the long term. The su�te of contam�nants analysed 
�ncluded total metals and metallo�ds (alum�n�um, arsen�c, cadm�um, chrom�um, copper,  lead, 
mercury, n�ckel, s�lver, z�nc) and organ�c chem�cals (TBT, total petroleum hydrocarbons, BTEX 
chem�cals, polycycl�c-aromat�c hydrocarbons, organochlor�ne and organophosphate pest�c�des 
and PCBs). 

The Mar�ne and Freshwater Research Laboratory (MAFRL) at Murdoch Un�vers�ty undertook 
the  analyses  for  all  metals  except  s�lver.  MAFRL  �s  NATA  (Nat�onal  Assoc�at�on  of  Test�ng 
Author�t�es) accred�ted  for  the metal analyses performed  for  th�s  study except  the  low  level 
arsen�c  analyses.  Qual�ty  assurance/qual�ty  control  (QA/QC)  data  for  the  analyses  were 
reported w�th the analyt�cal results. 

Part�cle s�ze analys�s was performed by the CSIRO M�nerals D�v�s�on Part�cle S�z�ng Laboratory. 
The part�cle s�ze analys�s was to determ�ne the proport�on of sed�ment part�cles �n each sample 
that were < 63 µm �n s�ze. The proport�on of sed�ments w�th part�cles <63 µm �n s�ze �s a w�dely 
accepted character�st�c for normal�s�ng metal concentrat�ons.

Analys�s for the organ�c contam�nants and s�lver was performed by the Nat�onal Measurement 
Inst�tute  (NMI).  NMI  �s  NATA  accred�ted  for  the  analyses  performed  �n  th�s  study.  QA/QC 
procedures  were  undertaken  w�th  the  analyses  and  the  data  reported  w�th  the  analyt�cal 
results.

2.4 Normalisation of sediment contaminant concentrations

The phys�cal and m�neralog�cal character�st�cs of sed�ment can vary cons�derably both at large 
(>10s of kms) and small (<1 metre) scales and this heterogeneity significantly affects the sorptive 
capac�ty  of  the  sed�ments,  and  hence  contam�nant  concentrat�ons  (ANZECC  &  ARCANZ, 
2000; Kersten and Smedes, 2002). The key factor affect�ng the sed�ment character�st�cs �s the 
energy of the overlying water. In high-energy environments the fine grains and organic fractions 
are w�nnowed out  leav�ng coarse gra�ns w�th  l�ttle sorpt�ve capac�ty. However,  �n  low energy 
environments fine sediments (eg. silts and clays) and organic particulates with high sorptive 
capacities can form a significant proportion of sediment composition. Normalising contaminant 
concentrat�ons to some factor that accounts for these d�fferences �n sed�ment compos�t�on, and 
hence chem�cal adsorpt�on capac�ty, helps reduce the var�ab�l�ty �n sed�ment contam�nant data 
across all sampl�ng scales, �mprov�ng compar�sons between d�fferent sed�ments and ass�st�ng 
in the interpretation of the data. Normalisation has been defined by Kersten and Smedes (2002) 
“as a procedure to correct both background and contaminant concentrations for the influence 
of the natural variability in sediment granulometry and mineralogical composition mediated by 
the ambient energy of the aquatic system”.

Many organic chemicals are known to have a strong affinity to organic matter and hence 
normal�sat�on  to  1%  total  organ�c  carbon  content  �s  recommended  when  compar�ng  to  the 
sediment quality guidelines (ANZECC & ARMCANZ, 2000). Metals tend to have a high affinity 
for the very fine particulate fraction of the sediments which are mainly made up from clay 
part�cles.  The  <63  µm  fract�on  �s  the  most  w�dely  accepted  measure  used  for  normal�z�ng 
metal concentrat�ons but normal�zat�on to geochem�cal normal�sers such as alum�n�um or �ron 
(wh�ch  represent prox�es  for  clay m�neral  content) are also accepted pract�ces  (ANZECC & 
ARMCANZ, 2000; Kersten and Smedes, 2002).

The  normal�sers  total  organ�c  carbon,  <63  µm  part�cle  s�ze  fract�on  and  alum�n�um  were 
therefore selected for analysis along with the identified contaminants.
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2.5 Statistical analysis

The stat�st�cal software package Statistica (Release 7) by StatSoft Inc (Copyr�ght @ statsoft �nc 
1984 – 2005) was used to perform stat�st�cal analyses on the data. The Shap�ro-W�lk W test for 
normal�ty was used to determ�ne whether the data were normally d�str�buted. Because the data 
were not normally d�str�buted, the non-parametr�c Kruskal-Wall�s and Mann-Wh�tney tests were 
used to determine whether there were significant differences in sediment chemistry between 
each of the reference locat�ons and between the nearshore and m�dshore s�tes at each locat�on. 
The Mann-Whitney test was also used to determine whether there was a significant difference 
between the potent�ally �mpacted s�tes of Champ�on Bay and the other s�tes. 

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC & 
ARMCANZ, 2000)  recommends  that concentrat�ons of sed�ment contam�nants at a  test s�te 
should be less than the default sed�ment qual�ty gu�del�nes prov�ded for the tox�cant, but does 
not spec�fy what stat�st�c of  the  test s�te data should be compared  to  the gu�del�ne. For  the 
purposes of th�s report we have taken the approach accepted for assess�ng sed�ment qual�ty 
�n Cockburn Sound whereby the med�an of the test data should be less than or equal to the 
gu�del�ne (EPA, 2005). 

To assess whether or not natural background sed�ment qual�ty exceeds the nat�onal sed�ment 
qual�ty  gu�del�nes  and,  where  appropr�ate,  for  der�v�ng  new  sed�ment  qual�ty  gu�del�nes  for 
the m�d-west coastal waters  the ANZECC & ARMCANZ  (2000)  recommended approach of 
compar�ng the med�an of test s�te data w�th the 80th percent�le value of natural reference s�te 
data has been adopted �n th�s study. An 80th percent�le for each metal was therefore calculated 
from reference s�te data; means were calculated us�ng the same data set. For calculat�on of 
percent�les and means, where analyt�cal results were reported as ‘below detect�on l�m�t’, these 
data were replaced w�th the detect�on l�m�t (e.g. <1 mg/kg became 1 mg/kg).

3. Results

3.1 Metals and metaloids 

The results for the sed�ment metal analyses are presented �n Table 3 and the assoc�ated qual�ty 
control data are �n Append�x B. The results of the part�cle s�ze analyses are presented �n Table 
4. 

The qual�ty assurance and qual�ty control (QA/QC) data for the NATA accred�ted analyses and 
the low level arsen�c and selen�um analyses are sat�sfactory g�ven the very low concentrat�ons 
of  the metals measured  �n  the sed�ments. The concentrat�ons of many of  the metals  �n  the 
sampled sed�ments were very  low  relat�ve  to  the analyt�cal  levels of detect�on and  th�s has 
resulted �n a w�der range of d�fferences �n the dupl�cate QA/QC data than would normally be 
des�rable. The QA/QC recovery data are sat�sfactory, although the recover�es for alum�n�um 
show significant variability. The analytical results for the sample replicates taken from site H2c 
and JB2c show cons�stent results for all metals analysed. 

The analyt�cal results for the low level arsen�c analyses were cons�stent w�th the results from 
the NATA accred�ted method, w�th both methods show�ng arsen�c concentrat�ons to be very 
low. The  low  level arsen�c results were sl�ghtly  lower  than NATA accred�ted results  for most 
samples. The greatest d�fference between the two sets of results was just over 1 mg/kg for s�te 
H3c. The NATA accred�ted arsen�c results were used �n the subsequent stat�st�cal analys�s of 
the data 

S�lver concentrat�ons were analysed from the samples collected for organ�c chem�cal analyses 
so results are only ava�lable for samples that were compos�tes of all three repl�cates. S�te CB2 
was the except�on where each repl�cate was analysed separately. S�lver concentrat�ons were 
found to be below the analyt�cal l�m�t of report�ng at all the s�tes. Mercury concentrat�ons were  
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Table 3: Total concentrations of metals and metalloids in marine sediments of the Pilbara region, June 2005. 

Site Al As
(Standard)

As
(Low level)

Cd Cr Cu Ni Pb Zn Hg Ag

Jur�en Bay

JB1a 160 2 3.1 0.10 10 <0.2 0.5 <1 <0.5 <0.01 <0.2

JB1b 160 2 2.7 0.08 10 <0.2 1.0 <1 <0.5 <0.01

JB1c 160 2 2.9 0.11 10 <0.2 0.5 <1 <0.5 0.01

JB2a 140 4 3.1 0.09 8.5 0.3 0.6 <1 0.6 <0.01 <0.2

JB2b 130 3 3.2 0.09 9.1 <0.2 0.7 <1 <0.5 <0.01

JB2c 160 4 3.0 0.08 9.0 <0.2 0.7 <1 <0.5 <0.01

JB2d (dupl�cate 2c) 140 3 3.0 0.09 9.1 <0.2 0.6 <1 <0.5 <0.01

JB3a 160 3 2.8 0.16 11 <0.2 0.6 <1 <0.5 <0.01 <0.2

JB3b 230 3 2.6 0.12 11 <0.2 0.7 <1 <0.5 <0.01

JB3c 180 3 2.6 0.17 12 <0.2 0.7 <1 <0.5 <0.01

JB4a 420 1 0.60 <0.06 2.2 0.2 0.5 1 1.0 <0.01 <0.2

JB4b 270 2 1.4 <0.06 7.6 <0.2 0.6 <1 0.8 <0.01

JB4c 280 2 1.0 <0.06 8.1 <0.2 0.6 <1 0.8 <0.01

Cl�ff Head

CH1a 110 3 2.3 0.07 6.9 <0.2 0.4 <1 0.8 <0.01 <0.2

CH1b 100 4 3.0 0.07 8.7 <0.2 0.4 <1 <0.5 <0.01

CH1c 100 3 3.1 0.06 7.0 <0.2 0.4 <1 <0.5 <0.01

CH2a 240 2 1.2 <0.06 7.8 <0.2 0.5 <1 <0.5 <0.01 <0.2

CH2b 250 2 1.3 <0.06 7.2 <0.2 0.5 <1 <0.5 <0.01

CH2c 240 2 1.0 <0.06 6.4 <0.2 0.4 <1 <0.5 <0.01

CH3a 370 2 1.3 <0.06 6.8 0.2 0.6 <1 0.8 <0.01 <0.2

CH3b 2000 4 3.4 <0.06 12 0.7 1.7 <1 1.1 <0.01

CH3c 340 2 1.2 0.06 7.5 0.3 0.6 <1 0.9 0.01

CH4a 250 2 1.6 <0.06 7.6 <0.2 0.6 <1 <0.5 <0.01 <0.2

CH4b 270 2 1.4 <0.06 8.4 0.2 0.6 <1 0.5 <0.01

CH4c 240 2 1.1 <0.06 7.8 <0.2 0.6 <1 <0.5 <0.01

Horrocks

H1a 260 1 0.55 <0.06 3.5 <0.2 <0.4 <1 0.9 <0.01 <0.2

H1b 270 1 0.50 <0.06 1.3 <0.2 <0.4 <1 0.6 <0.01

H1c 190 2 1.3 <0.06 8.9 <0.2 0.7 <1 <0.5 <0.01

H2a 420 2 1.8 <0.06 6.8 0.2 0.6 2 1.3 <0.01 <0.2

H2b 350 3 2.0 0.07 6.2 0.2 0.5 2 1.3 <0.01

H2c 410 2 1.8 <0.06 6.4 0.2 0.5 1 1.3 <0.01

H2d (dupl�cate 2c) 410 2 1.7 <0.06 5.7 0.4 0.6 2 1.4 0.2

H3a 410 2 1.1 <0.06 11 0.2 0.5 1 1.3 <0.01 <0.2

H3b 450 2 1.1 <0.06 11 <0.2 0.4 1 1.3 <0.01

H3c 370 2 0.88 <0.06 9.6 <0.2 0.4 1 1.0 <0.01

H4a 150 1 0.49 <0.06 3.0 <0.2 <0.4 <1 0.7 <0.01 <0.2

H4b 470 1 0.92 <0.06 2.9 0.3 0.7 1 1.3 <0.01

H4c 150 1 0.54 <0.06 3.1 <0.2 <0.4 <1 0.7 <0.01

Champ�on Bay

CB1a 780 2 1.6 0.08 9.1 1.8 0.9 2 6.8 <0.01 <0.2

CB1b 600 2 2.3 0.07 7.6 1.2 0.7 1 5.9 <0.01

CB1c 740 2 1.4 <0.06 8.7 1.9 0.8 2 8.1 <0.01
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Site Al As
(Standard)

As
(Low level)

Cd Cr Cu Ni Pb Zn Hg Ag

CB2a 440 2 1.9 <0.06 11 0.6 0.7 1 2.3 <0.01 <0.2

CB2b 420 2 1.7 <0.06 10 0.3 0.6 1 1.5 <0.01 <0.2

CB2c 420 2 1.8 <0.06 11 0.4 0.8 <1 2.0 <0.01 <0.2

CB3a 400 1 0.62 <0.06 3.6 <0.2 <0.4 <1 1.1 <0.01 <0.2

CB3b 270 1 1.2 <0.06 5.5 0.2 0.5 <1 1.2 <0.01

CB3c 330 2 0.81 <0.06 4.6 0.3 0.4 <1 1.2 <0.01

CB4a 590 2 1.4 <0.06 10 0.4 0.7 2 2.6 <0.01 <0.2

CB4b 620 2 2.3 <0.06 11 0.3 0.8 1 1.4 <0.01

CB4c 640 2 1.7 <0.06 12 0.4 1.3 1 1.4 0.01

Report�ng L�m�t <20 <1 <0.05 <0.06 <0.2 <0.2 <0.4 <1 <0.5 <0.01 <0.2

Table 4: Results of particle size analyses for marine sediments of the mid-west coast region, May 2005.

Site ID
%

<63µm
%

>63µm Site ID
%

<63µm
%

>63µm

Champ�on Bay Horrocks

CB1A 8.1 91.9 H1A 6.5 93.5

CB1B 6.4 93.6 H1B 4.4 95.6

CB1C 6.5 93.5 H1C 4.5 95.5

CB2A 1.5 98.5 H2A 2.8 97.2

CB2B 0.3 99.7 H2B 3.6 96.4

CB2C 0.7 99.3 H2C 15.0 85.0

CB3A 0.3 99.7 H3A  1.2  98.8 

CB3B  0.4 99.6 H3B 0.0 100.0

CB3C 0.2  99.8 H3C 12.8  87.2 

CB4A 1.7 98.3  H4A  6.3  93.7

CB4B  0.3  99.7  H4B 5.1 94.9

CB4C 0.4 99.6 H4C 1.8 98.2

Cl�ff Head Jur�en Bay

CH1A 0.3 99.7 JB1A 1.5 98.5

CH1B 2.7 97.3 JB1B 2.0 98.0

CH1C 1.9 98.1 JB1C 2.4 97.6

CH2A 0.9 99.1 JB2A 2.8 97.2

CH2B 2.9 97.1 JB2B 0.8 99.2

CH2C 4.4 95.6 JB2C 0.6 99.4

CH3A 5.3 94.7 JB3A 1.2 98.8

CH3B 11.3 88.7 JB3B 1.8 98.2

CH3C 2.1 97.9 JB3C 5.4 94.6

CH4A 5.4 94.6 JB4A 0.6 99.4

CH4B 3.0 97.0 JB4B 1.0 99.0

CH4C 8.4 91.6 JB4C 1.3 98.7

Table 3: continued... 
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also below the analyt�cal report�ng l�m�t for all s�tes and cadm�um concentrat�ons were below 
the analyt�cal report�ng l�m�t at most s�tes. Z�nc, lead and copper concentrat�ons were at or 
below the analyt�cal report�ng l�m�t at all s�tes, except �n Champ�on Bay. The analyt�cal l�m�t of 
report�ng for all the metals were well below the recommended sed�ment qual�ty gu�del�nes for 
the protect�on of ecosystem health (ANZECC & ARMCANZ, 2000).

Copper and z�nc concentrat�ons appear to be elevated at s�te CB1 compared to the levels 
measured at all other s�tes along the m�d-west coast. Th�s s�te was located adjacent to the 
entrance to the Port of Geraldton and had sediments with a slightly higher proportion of fine 
part�cles (<63 µm) and alum�n�um concentrat�on than the other s�tes sampled (Table 4).

The  results of  the part�cle s�ze  fract�onat�on  (Table 4) show  that  the percentage of <63 µm 
part�cles �n the sampled sed�ments was var�able, but generally low throughout all the sampled 
s�tes. For most s�tes the <63 µm part�cle s�ze fract�on was 0% – 5%, the rema�nder were �n the 
5% – 10% range. 

The two normalisers (<63 µm particle size fraction and aluminium) were significantly correlated 
(p  <  0.05).  The  correlat�on  (r  =  0.372)  suggests  that  clay  part�cles  may  not  be  dom�nat�ng 
the composition of the fine sediment fractions (< 63 µm in size). The data for the four metals 
w�th  cons�stently  reportable  concentrat�ons  from  the  three  reference  locat�ons  (arsen�c, 
chrom�um,  n�ckel  and  z�nc)  were  graphed  aga�nst  the  two  normal�sers  to  �nvest�gate  wh�ch 
would g�ve the best correlat�on (see Append�x D). Both the <63 µm part�cle s�ze fract�on and 
alum�n�um concentrat�on generally correlated poorly w�th concentrat�ons of the selected metal 
contam�nants. N�ckel was the only metal that correlated well w�th any of the normal�sers (r = 
0.751 w�th Al). G�ven the poor correlat�ons and the cons�stently low concentrat�ons of the two 
normal�sers, metal concentrat�ons were not normal�sed to e�ther <63 µm part�cle s�ze fract�on 
or alum�n�um.

A Kruskal-Wall�s test was appl�ed to the data from all three reference locat�ons to determ�ne 
whether there were significant differences between the locations for the following metals and 
metallo�ds: alum�n�um, arsen�c, chrom�um, copper, n�ckel and z�nc. Concentrat�ons  for  these 
metals that were below the report�ng l�m�t were assumed to be at the analyt�cal report�ng l�m�t 
for this test. The results (Table 5) show that there were significant differences for arsenic, 
chrom�um n�ckel and z�nc (p < 0.05). Cadm�um, lead, mercury and s�lver were not �ncluded �n 
the test because more than 60% of the results were below the analyt�cal l�m�t of report�ng.

Table 5: P-values from the Kruskal-Wallis tests comparing the three reference sites 
(alpha is set at 0.05 and significant values shown in bold)       
      

Al As Cr Cu Ni Zn

0.0518 0.0139 0.0236 0.7923 0.0264 0.0013
 

Mann  Wh�tney  tests  were  then  used  to  determ�ne  wh�ch  locat�ons  had  stat�st�cally  s�m�lar 
concentrat�ons  of  each  metal.  The  test  was  appl�ed  by  pa�r�ng  those  locat�ons  w�th  s�m�lar 
concentrations of each metal to determine if there was a statistically significant difference 
(p  <  0.05).  The  results  of  these  tests  have  been  used  to  group  the  locat�ons  accord�ng  to 
the�r  respect�ve sed�ment metal  concentrat�ons  (Table 6). There appears  to be a sl�ght, but 
d�scern�ble,  north  –  south  trend  between  the  reference  locat�ons.  Concentrat�ons  of  these 
metals at the Horrocks and Jur�en Bay s�tes were stat�st�cally d�fferent from each other, except 
for  copper  concentrat�ons,  wh�ch  were  s�m�lar  across  all  three  locat�ons.  Cl�ff  Head,  wh�ch 
was the central locat�on (see F�gure 1) always grouped w�th e�ther the Jur�en Bay or Horrocks 
s�tes. Alum�n�um and z�nc concentrat�ons appear to �ncrease from south to north, wh�le arsen�c, 
chrom�um, n�ckel and the <63 µm part�cle s�ze fract�on tend to decrease from south to north.

Metal concentrat�ons and  the <63 µm part�cle s�ze  fract�on  from the  two  �nshore s�tes were 
compared w�th the two offshore s�tes at each of the three reference locat�ons us�ng the Mann 
Whitney non-parametric test (Table 7). The only metals to show a significant difference between 
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�nshore and offshore s�tes were z�nc at Cl�ff Head and arsen�c at Jur�en Bay and Cl�ff head, but 
the trend for arsen�c was not cons�stent w�th h�gher concentrat�ons offshore at Jur�en Bay and 
�nshore at Cl�ff Head.

Table 6: Locations with statistically similar concentration ranges for each metal contaminant (bold). 
(Groups ordered from highest to lowest concentration) 

Parameter
<63 µm

particles
Al As Cr Cu Ni Zn 

Locat�ons
JB H CH, JB JB CH, H, JB JB H

CH, H CH, JB H CH, H CH, H CH, JB

Table 7: P-values from the Mann Whitney tests comparing inshore and offshore sediment metal concentrations 
(alpha is set at 0.05 and significant values shown in bold)

<63 µm
particles

Al As Cr Cu Ni Zn

Jur�en Bay 0.810 0.087 0.002 0.145 0.317 0.094 0.152

Cl�ff Head 0.423 1.00 0.022 0.873 0.140 0.799 0.022

Horrocks 0.749 0.936 0.859 0.149 0.140 0.303 0.244

Est�mates  of  the  natural  background  concentrat�ons  of  the  metals  analysed  �n  th�s  study 
have been calculated  for m�d-west coast sed�ments, and for each reference s�te separately, 
us�ng the 80th percent�le of the data (Table 8). The data used to calculate natural background 
concentrat�ons  for  all  metals  �ncluded  those  s�tes  where  concentrat�ons  were  less  than  the 
analyt�cal l�m�t of report�ng.  

Table 8 shows that the est�mated natural background concentrat�ons for all metals eas�ly met 
the nat�onal sed�ment qual�ty gu�del�nes (ISQG-low) recommended �n ARMCANZ & ANZECC 
(2000).

Table 8: Estimated natural background concentrations of selected metals in sediments of the mid-west coast.
(n = 12 for individual location estimates and n = 36 for mid-west coast estimates)

Metal Jurien Bay Cliff Head Horrocks Mid-West National 

Coastal Guideline*

Sediments (ISQG-low)

Alum�n�um 262 326 418 370 -

Arsen�c 3.08 2.86 1.7 2.9 20

Cadm�um 0.12 0.06 <0.06 0.09 1.5

Chrom�um 10.8 8.28 9.46 10 80

Copper <0.2 0.46 0.3 0.2 65

Lead <1 <1 1.8 1 50

Mercury <0.01 <0.01 <0.01 <0.01 0.15

N�ckel 0.7 0.6 0.6 0.7 21

S�lver <0.2 <0.2 <0.2 <0.2 1

Z�nc 0.76 0.8 1.3 1 200

* Recommended sediment quality guideline (ISQG-low) from ANZECC & ARMCANZ (2000)
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To determ�ne whether metal concentrat�ons �n the Champ�on Bay sed�ments were stat�st�cally 
d�fferent  from  reference  s�tes  a  ser�es  of  Mann  Wh�tney  tests  were  performed  (except  for 
cadm�um, mercury and s�lver because of the large number of results less than the analyt�cal 
l�m�t of report�ng). The Champ�on Bay s�tes were compared w�th the comb�ned data from Cl�ff 
Head and Horrocks to take �nto account the sl�ght north – south pattern �n the reference s�te 
data (Champ�on Bay l�es between these two locat�ons). Alum�n�um, copper, n�ckel and z�nc were 
all found to be significantly different (Table 9). However, when compared with estimated natural 
background concentrat�ons  (based on  the 80th percent�le of  reference s�tes)  the Champ�on 
Bay data for these four metals appear to be only sl�ghtly elevated (Table 9). Concentrat�ons of 
all metals �n the Champ�on Bay samples were well below the recommended sed�ment qual�ty 
gu�del�nes (ANZECC & ARMCANZ, 2000). Perhaps of greater relevance �s the d�st�nctly elevated 
concentrat�ons of copper and z�nc at s�te CB1 adjacent to the Geraldton Port entrance.

Table 9:  Champion Bay sediment quality compared with the adjacent reference sites, estimated natural background 
concentrations and national sediment quality guidelines. (significant differences are shown in bold)

CB vs CH+H Mann 
Whitney test P-
values (_ = 0.05) 

Champion Bay median 
metal concentration 
(mg/kg)

Estimated Natural 
Background (mg/kg)

National Guideline 
(ISQG-low) (mg/kg)

<63 µm part�cle s�ze 
fract�on

0.027

Alum�n�um <0.001 515 370 -

Arsen�c 0.445 2 3 20

Cadm�um <0.06 0.09 1.5

Chrom�um 0. 062 9.6 10.0 80

Copper <0.001 0.4 0.2 65

Lead 0.761 1 1 50

Mercury <0.01 <0.01 0.15

N�ckel 0.008 0.7 0.7 21

S�lver <0.2 <0.2 1

Z�nc <0.001 1.8 1 200

3.2 Organic chemicals

The  results  of  the  organ�c  analyses  are  presented  �n  Table  10  and  the  assoc�ated  qual�ty 
control  data  are  �n  Append�x  C.  Concentrat�ons  of  all  the  organ�c  chem�cals  were  found  to 
be  below  the  analyt�cal  L�m�t  of  Report�ng  (LOR)  �n  all  samples.  Nat�onal  gu�del�nes  were 
only  ava�lable  for  20  of  the  organ�c  chem�cals  analysed  and  for  8  of  these  (acenaphthene, 
anthracene, dibenzo(ah)anthracene, fluorene, lindane, chlordane, dieldrin and endrin) the 
ISQG-low sed�ment qual�ty gu�del�ne was below the l�m�t of report�ng. For example, the LOR 
for  anthracene  was  0.1  mg/kg  and  for  D�eldr�n  0.001  mg/kg,  both  of  wh�ch  are  above  the�r 
respect�ve ISQG-low gu�del�ne tr�gger values of 0.085 mg/kg and 0.00002 mg/kg.

Total organ�c carbon (TOC) results are presented �n Table 11. Total organ�c carbon concentrat�ons 
were relat�vely cons�stent between most of the locat�ons and ranged from 360 mg/kg to 2800 
mg/kg.  TOC  was  analysed  so  that  the  concentrat�ons  of  organ�c  contam�nants  �n  d�fferent 
sed�ments could be normal�sed to 1% organ�c carbon and then compared across s�tes and to the 
nat�onal sed�ment qual�ty gu�del�nes. Th�s �s the approach recommended �n the Austral�an and 
New Zealand Gu�del�nes for Fresh and Mar�ne Water Qual�ty (ANZECC & ARMCANZ, 2000). 
S�nce there were no measurable organ�c contam�nants �n the analysed samples normal�sat�on 
�s unnecessary.
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Table 10: Organic chemical concentrations in marine sediments of the mid-west coast of Western Australia, May 
2005, and National sediment quality guidelines (ANZECC & ARMCANZ, 2000).

NG = No gu�del�ne value;    

Organic Chemical Units

Results for 
all samples LOR

Guideline value

ISQG low        ISQG high

Organot�ns      

Monobutylt�n as Sn µg/kg <0.5 0.5 NG NG

D�butylt�n as Sn µg/kg <0.5 0.5 NG NG

Tr�butylt�n as Sn µg/kg <0.5 0.5 5 70

Poly Aromat�c Hydrocarbons

Acenaphthene mg/kg <0.1 0.1 0.016 0.5

Acenaphthylene mg/kg <0.1 0.1 NG NG

Anthracene mg/kg <0.1 0.1 0.085 1.1

Benz(a)anthracene mg/kg <0.1 0.1 0.261 1.6

Benzo(b)&(k)fluoranthene mg/kg <0.2 0.2 NG NG

Benzo(gh�)perylene mg/kg <0.1 0.1 NG NG

Benzo(a)pyrene mg/kg <0.1 0.1 0.430 1.6

Chrysene mg/kg <0.1 0.1 0.384 2.8

D�benzo(ah)anthracene mg/kg <0.1 0.1 0.063 0.26

Fluoranthene mg/kg <0.1 0.1 0.600 5.1

Fluorene mg/kg <0.1 0.1 0.019 0.54

Indeno(1,2,3-cd)pyrene mg/kg <0.1 0.1 NG NG

Naphthalene mg/kg <0.1 0.1 0.16 2.1

Phenanthrene mg/kg <0.1 0.1 0.240 1.5

Pyrene mg/kg <0.1 0.1 0.665 2.6

BTEX

Benzene mg/kg <0.5 0.5 NG NG

Toluene mg/kg <0.5 0.5 NG NG

Ethylbenzene mg/kg <0.5 0.5 NG NG

m, p - Xylene mg/kg <1.0 1 NG NG

o - Xylene mg/kg <0.5 0.5 NG NG

Total Petroleum Hydrocarbons

TPH C6 - C9 mg/kg <25 25 NG NG

TPH C10 - C14 mg/kg <50 50 NG NG

TPH C15 - C28 mg/kg <100 100 NG NG

TPH C29 - C36 mg/kg <100 100 NG NG

Organophosphate (OP) pest�c�des

Az�nphos-ethyl mg/kg <0.10 0.10 NG NG

Az�nphos-methyl mg/kg <0.10 0.10 NG NG

Chlorpyr�fos mg/kg <0.10 0.10 NG NG

Chlorpyr�fos-methyl mg/kg <0.10 0.10 NG NG

Chlorfenv�nphos (E) mg/kg <0.10 0.10 NG NG

Chlorfenv�nphos (Z) mg/kg <0.10 0.10 NG NG

D�az�non mg/kg <0.10 0.10 NG NG

Demeton-S-Methyl mg/kg <0.10 0.10 NG NG

D�chlorvos mg/kg <0.10 0.10 NG NG

D�methoate mg/kg <0.10 0.10 NG NG

Eth�on mg/kg <0.10 0.10 NG NG

Fen�troth�on mg/kg <0.10 0.10 NG NG

Fenth�on mg/kg <0.10 0.10 NG NG
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Malath�on mg/kg <0.10 0.10 NG NG

Parath�on-ethyl mg/kg <0.10 0.10 NG NG

Parath�on-methyl mg/kg <0.10 0.10 NG NG

P�r�m�phos-ethyl mg/kg <0.10 0.10 NG NG

P�r�m�phos-methyl mg/kg <0.10 0.10 NG NG

Organochlor�ne (OC) pest�c�des

Aldr�n mg/kg <0.001 0.001 NG NG

BHC-alpha mg/kg <0.001 0.001 NG NG

BHC-beta mg/kg <0.001 0.001 NG NG

BHC-delta mg/kg <0.001 0.001 NG NG

BHC-gamma (L�ndane) mg/kg <0.001 0.001 0.00032 0.001

Chlordane-trans mg/kg <0.001 0.001 NG NG

Chlordane-c�s mg/kg <0.001 0.001 NG NG

Oxychlordane mg/kg <0.001 0.001 NG NG

Chlordane mg/kg 0.0005 0.006

DDD mg/kg <0.001 0.001 0.002 0.02

DDE mg/kg <0.001 0.001 0.0022 0.027

DDT mg/kg <0.001 0.001 0.0016 0.046

D�eldr�n mg/kg <0.001 0.001 0.00002 0.008

Endosulfan alpha mg/kg <0.001 0.001 NG NG

Endosulfan beta mg/kg <0.001 0.001 NG NG

Endosulfan sulphate mg/kg <0.001 0.001 NG NG

Endr�n mg/kg <0.001 0.001 0.00002 0.008

Endr�n Aldehyde mg/kg <0.001 0.001 NG NG

Endr�n Ketone mg/kg <0.001 0.001 NG NG

HCB mg/kg <0.001 0.001 NG NG

Heptachlor mg/kg <0.001 0.001 NG NG

Heptachlor epox�de mg/kg <0.001 0.001 NG NG

Methoxychlor mg/kg <0.001 0.001 NG NG

PCB Aroclors

Arochlor 1016 mg/kg <0.01 0.01 NG NG

Arochlor 1221 mg/kg <0.01 0.01 NG NG

Arochlor 1232 mg/kg <0.01 0.01 NG NG

Arochlor 1242 mg/kg <0.01 0.01 NG NG

Arochlor 1248 mg/kg <0.01 0.01 NG NG

Arochlor 1254 mg/kg <0.01 0.01 NG NG

Arochlor 1260 mg/kg <0.01 0.01 NG NG

Total PCBs mg/kg <0.01 0.01 0.023 -

Table 10: continued …..
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Table 11: Results of total organic carbon analyses for marine sediments of the mid-west region, May 2005.

Location and site
Total organic carbon

mg/kg                                                               %

Jur�en Bay

JB1 730 0.07

JB2A 1500 0.15

JB2B 1100 0.11

JB3 1000 0.1

JB4 880 0.09

Cl�ff Head

CH1 1800 0.18

CH2 370 0.04

CH3 2800 0.28

CH4 2400 0.24

Champ�on Bay

CB1 650 0.07

CB2A 1500 0.15

CB2B 1100 0.11

CB2C 800 0.08

CB3 770 0.08

CB4 1100 0.11

Horrocks

H1 730 0.07

H2 1100 0.11

H3 640 0.06

H4 360 0.04

Limit of Reporting (LOR) 100 0.01

4. General discussion
Th�s work has shown that natural background concentrat�ons of metals, metallo�ds and selected 
organ�c  chem�cals  �n  sed�ments  from  the  m�d-west  coast  of  WA  are  relat�vely  low  and  the 
data �nd�cate that the nat�onal sed�ment qual�ty gu�del�nes (ANZECC & ARMCANZ, 2000) are 
appropr�ate for use �n the study area. 

4.1 Metal concentrations

Sediment metal concentrations, and biological availability, are strongly influenced by sedimentary 
components w�th a h�gh b�nd�ng capac�ty.  In most cases for metals th�s �s represented by the 
clay fract�on. Alum�n�um concentrat�on or <63 µm part�cle s�ze fract�on are accepted prox�es 
for clay m�neral content �n sed�ments and are used to normal�ze contam�nant concentrat�ons �n 
sed�ment w�th d�fferent gra�n s�ze d�str�but�ons (Kersten and Smedes, 2002). 

Metal concentrat�ons and the concentrat�ons of the two potent�al normal�sers (<63 µm part�cle 
s�ze fract�on and alum�n�um) were found to be very low across all three reference locat�ons and 
the data d�d not correlate well. It was therefore cons�dered �nappropr�ate to normal�se the metal 
concentrations measured in this study to account for the influence of the sediment clay mineral 
content and so the raw analyt�cal data have been used �n th�s report. 

Measurable metal concentrat�ons only var�ed sl�ghtly between the three reference locat�ons, 
but d�d appear  to exh�b�t a sl�ght north – south  trend  for some metals. Alum�n�um and z�nc 
concentrat�ons were sl�ghtly h�gher at the northern s�te wh�le the <63 µm part�cle s�ze fract�on, 



18 
Department of Env�ronment and Conservat�on 

Mar�ne Techn�cal Report Ser�es MTR2  Background qual�ty of the mar�ne sed�ments off the Western Austral�an m�d-west coast

arsen�c,  chrom�um,  lead and n�ckel  concentrat�ons were sl�ghtly  lower, although  �n absolute 
terms the differences were only minor. There appeared to be no significant difference between 
the �nshore and offshore s�tes at each reference locat�on. 

Est�mated  natural  background  concentrat�ons  (Table  8)  fell  well  w�th�n  the  �nter�m  sed�ment 
qual�ty gu�del�nes (ISQG-low) recommended for nat�onal use (ANZECC & ARMCANZ, 2000). 
The  �nter�m  sed�ment  qual�ty  gu�del�nes  are  therefore  cons�dered  su�table  for  use  w�th  the 
sed�ments of the m�d-west coast of Western Austral�a.

Mar�ne sed�ments naturally conta�n trace metals, but the concentrat�ons are var�able between 
reg�ons  and  �n  nearshore  sed�ments  the  concentrat�on  of  these  metals  are often  related  to 
catchment geology and m�neralogy (Cox and Preda, 2003; Moss and Costanzo, 1998). Est�mated 
natural background concentrations calculated in this study (Table 8) were low, probably reflecting 
local geology. The m�d-west coast of Western Austral�a �s a h�ghly energet�c coastl�ne w�th only 
a few small r�vers dra�n�ng a relat�vely ar�d catchment. The sed�ments are med�um to coarse 
gra�ned sands  �nterspersed between  l�mestone  reefs and  the adjacent  terrestr�al geology  �s 
composed of reworked sands of mar�ne and aeol�an or�g�n. Natural terrestr�al sources of metals 
in this region are likely to be relatively insignificant compared to other parts of Australia.

A compar�son of sed�ment metal concentrat�ons from th�s study w�th relat�vely uncontam�nated 
sed�ments  from  other  selected  reg�ons  around  Austral�a  �nd�cates  that  a  number  of  metals 
(aluminium copper, lead, nickel and zinc) have significantly lower concentrations in mid-west 
coast sed�ments than found elsewhere �n Austral�a (Table 12). Concentrat�ons of the rema�n�ng 
five metals are also low, but fall within the range of concentrations reported for the other regions. 
Metal  concentrat�ons  �n  the  mar�ne  sed�ments  of  the  Northern  Terr�tory/Gulf  of  Carpentar�a 
coastl�ne, the Queensland coast and from Lake Macquar�e are notably h�gher than the levels 
recorded �n th�s study. 

The  results of  the Mann Wh�tney  tests compar�ng Champ�on Bay sed�ments w�th  reference 
s�tes and compar�sons aga�nst the �nter�m sed�ment qual�ty gu�del�nes (ANZECC & ARMCANZ, 
2000)  �nd�cate  that  the  Champ�on  Bay  sed�ments,  although  sl�ghtly  elevated  over  reg�onal 
background levels, are st�ll relat�vely uncontam�nated (Table 9). Alum�n�um, copper, n�ckel and 
z�nc, were found to be sl�ghtly elevated �n Champ�on Bay samples compared to the reference 
sediments, but copper and zinc were significantly more elevated in the samples from the site 
CB1  adjacent  to  the  Geraldton  Port  entrance.  Nevertheless,  all  samples  were  well  below 
the  �nter�m  sed�ment  qual�ty  gu�del�nes  recommended  by  ANZECC  &  ARMCANZ  (2000). 
Concentrat�ons of all the other metals were stat�st�cally �nd�st�ngu�shable from the reference s�te 
sed�ment qual�ty data. The ma�n sources of trace metals �n Geraldton Port are l�kely to �nclude 
sh�ps, sh�pp�ng fac�l�t�es, boat sl�pways, storm water d�scharges and dust and sp�llage from the 
load�ng of metal ore  for export. There has also been an extens�ve dredg�ng program and a 
beach re-nour�shment program (us�ng terrestr�ally sourced sand) two years pr�or to sampl�ng as 
part of a Port Redevelopment Plan. These two activities could also have influenced sediment 
composition and quality adjacent to the Port and perhaps further afield in Champion Bay given 
the extens�ve plumes observed dur�ng dredg�ng. Ev�dence of th�s effect was observed at s�te 
CB1 where a 5 – 10 cm layer of white cohesive fine grained sediment was found overlaying 
sl�ghtly darker, coarser sed�ments and decompos�ng pos�don�a seagrass rh�zome mat (F�gure 
3). Th�s observat�on �s also supported by the part�cle s�ze compos�t�on data �n Table 4.



19 
Department of Env�ronment and Conservat�on 
Mar�ne Techn�cal Report Ser�es MTR2  Background qual�ty of the mar�ne sed�ments off the Western Austral�an m�d-west coast

M
e

ta
l

M
id

-W
e

s
t 

c
o

a
s

t*
P

il
b

a
ra

*
P

e
rt

h
* 

(S
M

C
W

S
)

P
e

rt
h

* 
(K

IC
)

E
x

m
o

u
th

 
G

u
lf

 *
*

G
u

lf
 o

f 
C

a
rp

e
n

ta
ri

a*
*

N
T

 t
o

 G
u

lf
 o

f 
C

a
rp

e
n

ta
ri

a*
*

L
a

ke
 

M
a

c
q

u
a

ri
e

#
C

e
n

tr
a

l N
S

W
 c

o
a

s
t 

(i
n

n
e

r 
s

h
e

lf
)*

Q
u

e
e

n
s

la
n

d
 

c
o

a
s

t 
*

A
lu

m
�n

�u
m

24
5

31
5

0
31

0
-3

9
0

0
2

8
0

91
9

9
2

8
5

6
0

-
-

-
-

A
rs

e
n

�c
1.

4
18

2 
- 

16
2

.5
-

-
<

0.
0

4 
–7

.2
1

4.
6 

- 
2

3
-

-

C
a

dm
�u

m
<

0.
0

6
<

0.
0

6
<

0.
2 

- 
0.

2
<

0.
1

~
0.

0
4

5
-

0.
0

3 
– 

0.
0

9
<

0.
1 

– 
0.

2
<

0.
3

1.
5

C
h

ro
m

�u
m

7.
8

17
3

.7
 -

 1
5

15
-

12
-

7 
- 

4
5

-
8

8

C
o

p
p

e
r

<
0.

2
2

.2
0.

8 
– 

1.
7

3
.0

4.
4

5
5

9.
2 

– 
2

7.
4

6 
- 

17
<

5
19

Le
a

d
<

1
2

3
.5

 –
 6

.0
1.

1
3

.7
3

6
12

.0
 –

 1
9.

3
5

.5
 -

 1
7

<
10

5

M
e

rc
ur

y
<

0.
01

<
0.

01
<

0.
0

5
<

0.
1

-
-

-
<

0.
01

- 
0.

0
3

-
-

N
�c

ke
l

0.
6

5
.5

1.
9 

– 
4.

6
1.

8
-

6
18

.3
 –

 2
4.

4
11

 -
 5

7
<

5
2

0

S
�lv

e
r

<
0.

2
<

0.
2

-
0.

6
-

-
-

<
0.

01
–

0.
07

-
-

Z
�n

c
0.

6
5

.4
1.

3 
– 

3
.5

1.
7

-
2

0
3

9.
8 

– 
5

4.
1

12
 -

 6
8

<
2

5
8

4

R
ef

e
re

n
ce

T
h

�s
 s

tu
d

y
M

cA
lp

�n
e 

et
 

a
l, 

2
0

0
5

B
ur

t e
t a

l, 
19

9
5

K
IC

, 2
0

0
0

B
ru

n
sk

�ll
 e

t a
l, 

2
0

01
C

ox
 e

t a
l, 

2
0

0
3

M
un

ks
g

a
a

rd
 e

t 
a

l, 
2

0
0

2
.

R
o

a
ch

, 2
0

0
5

M
at

th
a

� a
n

d 
B

�r
ch

, 
2

0
0

0
M

o
ss

 a
n

d 
C

o
st

a
n

zo
 1

9
9

8

* 
   

 M
ed

�a
n 

co
nc

en
tr

at
�o

ns
**

   
M

ea
n 

co
nc

en
tr

at
�o

ns
 

# 
   

 C
on

ce
nt

ra
t�o

n 
ra

ng
es

 (
m

�n
�m

um
 to

 m
a

x�
m

um
)

Ta
b

le
 1

2:
 M

e
d

ia
n

 t
o

ta
l s

e
d

im
e

n
t 

m
e

ta
l c

o
n

c
e

n
tr

a
ti

o
n

s 
fr

o
m

 t
h

e 
m

id
-w

e
s

t 
c

o
a

s
t 

o
f 

W
e

s
te

rn
 A

u
s

tr
a

li
a 

a
n

d
 m

e
d

ia
n

 o
r 

m
e

a
n

 c
o

n
c

e
n

tr
a

ti
o

n
s 

fo
r 

o
th

e
r 

A
u

s
tr

a
li

a
n

 l
o

c
a

li
ti

e
s 

(m
g

/k
g

)



20 
Department of Env�ronment and Conservat�on 

Mar�ne Techn�cal Report Ser�es MTR2  Background qual�ty of the mar�ne sed�ments off the Western Austral�an m�d-west coast

Figure 3: Sediment cores taken from site CB1 showing the white fine grained sediment overlaying the original 

coarser grained grey sediments and decomposing seagrass rhizome.

The env�ronmental qual�ty management framework be�ng appl�ed to the mar�ne env�ronment 
by  the EPA and DoE  (refer Sect�on 1)  �ncludes  the env�ronmental value Ecosystem Health. 
To protect th�s env�ronmental value the framework requ�res levels of ecolog�cal protect�on to 
be allocated spat�ally across the management area so that the relevant env�ronmental qual�ty 
cr�ter�a (EQC) can be determ�ned. The d�fferent levels of ecolog�cal protect�on are recogn�t�on 
that other societal benefits also need to be considered and that these may preclude an objective 
of  ‘no change’  �n env�ronmental qual�ty  �n some  local�zed areas. The EQC for each  level of 
ecolog�cal protect�on represent the m�n�mum acceptable  level of env�ronmental qual�ty  to be 
ach�eved through management. Four d�fferent levels of ecolog�cal protect�on, each w�th �ts own 
set of environmental quality criteria, have been defined (EPA, 2000; DoE, 2006):

•  Max�mum (essent�ally pr�st�ne, no effects on mar�ne l�fe);

•  H�gh (very low levels of contam�nants, no effects on mar�ne l�fe);

•  Moderate (elevated levels of contam�nants, some effects on mar�ne l�fe);

• Low (high levels of contaminants, significant effects on marine life).

The  nat�onal  �nter�m  sed�ment  qual�ty  gu�del�nes  (ISQG)  �n�t�ally  relate  to  total  contam�nant 
concentrat�ons; �f the ISQG-low �s exceeded then a r�sk-based h�erarch�cal dec�s�on framework 
�s tr�ggered for assess�ng the qual�ty of the sed�ment. The �n�t�al step �n th�s dec�s�on framework 
�s to measure the concentrat�on of the contam�nant that �s potent�ally b�oava�lable and compare 
th�s aga�nst the ISQG-low (eg. d�lute ac�d extractable metals or normal�zat�on to TOC for non-
metall�c contam�nants). If the ISQG-low �s st�ll exceeded then more �ntens�ve and more thorough 
�nvest�gat�ons could be undertaken to determ�ne whether there �s a h�gh level of ecolog�cal r�sk 
from the contam�nant and hence remed�al act�on tr�ggered. F�rstly, a more accurate est�mate 
of b�oava�lab�l�ty could be undertaken by cons�der�ng those factors that control b�oava�lab�l�ty of 
the chem�cal.  If the ISQG-low �s st�ll exceeded then ecotox�colog�cal test�ng �s recommended. 
Alternat�vely  in-situ b�olog�cal or ecolog�cal �nd�cators that can be demonstrably l�nked to the 
contam�nant could be mon�tored and assessed. Th�s r�sk-based h�erarch�cal dec�s�on framework 
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�s  recommended  �n ANZECC & ARMCANZ  (2000)  for  assess�ng  sed�ment  qual�ty  and has 
been appl�ed to Cockburn Sound through the State Env�ronmental (Cockburn Sound) Pol�cy 
2005 (GWA, 2005).

ANZECC & ARMCANZ (2000)  recommend  the use of  the  ISQG  for ecosystems where  the 
goal �s for a sl�ghtly to moderately d�sturbed system (equ�valent to h�gh and moderate levels of 
ecolog�cal protect�on above). For h�ghly d�sturbed systems (low level of ecolog�cal protect�on) the 
ISQG could be appl�ed, or there could be some relaxat�on where appropr�ate. H�gh conservat�on/
ecolog�cal value areas are equ�valent to the max�mum level of ecolog�cal protect�on descr�bed 
above  and  the  recommendat�on  for  these  areas  �s  no  change  from  background  var�ab�l�ty 
character�zed by  the  reference cond�t�on. A max�mum  level of ecolog�cal protect�on may be 
appropr�ate for areas such as des�gnated mar�ne conservat�on reserves. 

For the coastal waters of Western Austral�a’s m�d-west the ISQG from ANZECC & ARMCANZ 
(2000)  are  recommended  for  use  �n  areas  des�gnated  a  h�gh,  moderate  and  low  level  of 
ecolog�cal protect�on. In low ecolog�cal protect�on areas only the ISQG for those chem�cals that 
have the potent�al to b�oaccumulate/b�omagn�fy would apply. Sed�ment qual�ty gu�del�nes for the 
max�mum level of ecolog�cal protect�on should be based on natural background concentrat�ons 
of the contam�nants of concern and e�ther the est�mated metal concentrat�ons �n Table 8 can 
be used as default guidelines or site specific guidelines can be derived for new localities or 
additional contaminants based on the 80th percentile of reference site data. For artificial 
chem�cals of anthropogen�c or�g�n any detect�on would be the tr�gger for management act�on.

If  there  are  no  nat�onal  ISQG  for  a  part�cular  chem�cal  then  the  approach  recommended 
�n ANZECC & ARMCANZ  (2000)  for  der�v�ng  sed�ment  qual�ty  gu�del�nes based on natural 
background concentrat�ons  �s adopted here  for areas of h�gh, moderate and  low ecolog�cal 
protect�on.  For  h�gh  and  moderate  protect�on  areas  a  gu�del�ne  based  on  tw�ce  natural 
background med�an concentrat�on �s recommended. Three t�mes natural background med�an 
concentrat�on �s recommended for low ecolog�cal protect�on areas, but �n these areas gu�del�nes 
should only be appl�ed for those chem�cals w�th the potent�al to b�oaccumulate or b�omagn�fy. 
Alum�n�um was the only metal measured �n th�s study that does not have a correspond�ng ISQG 
�n ANZECC & ARMCANZ (2000). The med�an natural background concentrat�on calculated 
from the reference s�tes for alum�n�um �s 245 mg/kg.

It  �s  recommended  that  natural  background  concentrat�ons  are  calculated  from  data  from 
reference sed�ments w�th s�m�lar part�cle s�ze d�str�but�ons for metals, and s�m�lar total organ�c 
carbon concentrat�ons for organ�c chem�cals, as the potent�al �mpact s�tes to be assessed. If 
reference  s�tes  w�th  s�m�lar  sed�ment  character�st�cs  cannot  be  found  for  est�mat�ng  natural 
background concentrat�ons then cons�derat�on could be g�ven to us�ng normal�sed data.
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Table 13: Summary of recommended sediment quality guidelines for marine sediments of the mid-west coast, 
Western Australia.

Level of 
ecological 
protection

ISQG available No ISQG available

Maximum (All metals)

Use est�mated natural background (Table 8);
or
Derive site specific SQG from 80th percentile of 
reference s�te*.

(Organ�c chem�cals)

No detectable concentrat�on us�ng lowest LoR 
ava�lable.
or 
use 80th percent�le of reference s�te.

(All metals)

Use est�mated natural background (Table 8); 
or
Derive site specific SQG from 80th percentile of 
reference s�te*.

(Organ�c chem�cals)

No detectable concentrat�on us�ng lowest LoR 
ava�lable 
or
use 80th percent�le of reference s�te.

High (eg. As, Cd, Cr, Cu, Pb, Hg, N�, Ag, Zn)

Use ISQG from ANZECC & ARMCANZ (2000)

(Organ�c chem�cals)

Use ISQG from ANZECC & ARMCANZ (2000) 
unless below LoR then gu�del�ne should be no 
detectable concentrat�on.

(eg. Al)

Use med�an of natural background concentrat�on 
mult�pl�ed by a factor of 2*.

(Organ�c chem�cals)

No detectable concentrat�on us�ng lowest LoR 
ava�lable 
or 
med�an of natural background concentrat�on 
mult�pl�ed by a factor of 2.

Moderate (eg. As, Cd, Cr, Cu, Pb, Hg, N�, Ag, Zn)

Use ISQG from ANZECC & ARMCANZ (2000)

(Organ�c chem�cals)

Use ISQG from ANZECC & ARMCANZ (2000) 
unless below LoR then gu�del�ne should be no 
detectable concentrat�on.

(eg. Al)

Use med�an of natural background concentrat�on 
mult�pl�ed by factor of 2*.  

(Organ�c chem�cals)

No detectable conce ntrat�on us�ng lowest LoR 
ava�lable 
or 
med�an of natural background concentrat�on 
mult�pl�ed by a factor of 2.

Low (Bioaccumulators or biomagnifiers eg. Cd, Hg)

Use ISQG from ANZECC & ARMCANZ (2000) 
unless below LoR then gu�del�ne should be no 
detectable concentrat�on.

(Bioaccumulators or biomagnifiers eg. Se)

Use natural background concentrat�on mult�pl�ed 
by a factor of 3* unless below LoR then gu�del�ne 
should be no detectable concentrat�on.

*  Assessment could be done on total contam�nant concentrat�on or on potent�ally b�oava�lable concentrat�on.

In all cases �t  �s  the med�an concentrat�on of  the non-normal�sed metal concentrat�on at  the 
potent�al �mpact s�te that should be tested aga�nst the recommended gu�del�ne for each level of 
ecolog�cal protect�on. 

The  sed�ment  qual�ty  gu�del�nes  recommended  for  the  four  d�fferent  levels  of  ecolog�cal 
protect�on �n the mar�ne waters of the m�d-west coast are summar�zed �n Table 13. 

4.2 Organic chemical concentrations

The organ�c  chem�cals analysed  (organot�ns, PAHs, BTEX, petroleum hydrocarbons, PCBs 
and  pest�c�des)  are  man-made  and  therefore  the  natural  background  concentrat�ons  at  the 
reference s�tes were not expected to be measurable, rang�ng from zero to negl�g�ble. Th�s �s 
because most of  the chem�cals do not occur naturally, and  those  that do are only  found at 
extremely low concentrat�ons unless augmented by anthropogen�c �nputs. Nat�onal ISQG were 
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not ava�lable for all of the organ�c chem�cals tested, but where gu�del�nes were ava�lable the 
analyt�cal  l�m�t of report�ng was always well below the gu�del�ne for all except four polycycl�c 
aromatic hydrocarbons (acenaphthene, anthracene, dibenzo(ah)anthracene and fluorene) and 
four  organochlor�ne  pest�c�des  (l�ndane,  chlordane,  d�eldr�n  and  endr�n).  In  th�s  study,  there 
were no detect�ons of any of the organ�c chem�cals analysed, �nd�cat�ng that the gu�del�nes for 
twelve of the chem�cals were met and could be successfully appl�ed to mar�ne sed�ments of the 
m�d-west coast. However, for the rema�n�ng e�ght organ�c chem�cals w�th ava�lable gu�del�nes 
it will be difficult to assess sediment quality until laboratories can achieve suitably lower limits 
of report�ng. 

The lack of detect�ons �n the Champ�on Bay s�tes was surpr�s�ng, part�cularly for the organot�ns 
at  s�te  CB1  adjacent  to  the  port  entrance.  Th�s  may  be  a  result  of  the  re-d�str�but�on  and 
settlement of ‘new’ sed�ment across much of the area from the dredg�ng that took place 2 years 
earlier. Cores taken from this site still showed a layer of fine, white cohesive sediment covering 
older coarser, darker sed�ment and old dead seagrass rh�zomes (F�gure 3). Nevertheless, the 
results of the organ�c chem�cal analyses w�ll prov�de a useful reference aga�nst wh�ch future 
stud�es can be compared.

Total  organ�c  carbon  (TOC)  concentrat�ons  �n  the  sed�ments  were  relat�vely  low.  TOC  was 
measured so  that  the organ�c contam�nants could be normal�zed  to 1% organ�c carbon, but 
because no organ�c contam�nants were detected these data were not requ�red. 

Sed�ment qual�ty gu�del�nes have been recommended �n Table 13 for the four d�fferent levels 
of  ecolog�cal  protect�on  and  d�scussed  �n  sect�on  4.1.  The  med�an  concentrat�on  from  the 
potent�al �mpact s�te �s tested aga�nst the gu�del�ne where ISQG from ANZECC & ARMCANZ 
(2000) are ava�lable and above the analyt�cal LoR or where natural background concentrat�on 
�s measurable, otherw�se any detect�on of the chem�cal above the LoR should be treated as an 
exceedance of the gu�del�ne.

5. Conclusion
Th�s survey prov�des �mportant �nformat�on on basel�ne concentrat�ons of selected trace metals 
and organ�c chem�cals �n the mar�ne sed�ments of the m�d-west coast of Western Austral�a. The 
sed�ment survey results show that the concentrat�ons of metals are w�th�n or below the range of 
concentrat�ons measured �n sed�ments around Austral�a. Concentrat�ons of cadm�um, copper, 
lead, mercury, s�lver and the selected organ�c chem�cals were too low to adequately quant�fy 
�n most samples. Unfortunately  the  rout�ne analyt�cal procedures used by most commerc�al 
laborator�es  are  �nadequate  for  d�scr�m�nat�ng  natural  background  concentrat�ons  of  many 
tox�c contam�nants, and for some organ�c chem�cals the analyt�cal l�m�t of report�ng may even 
significantly exceed the recommended sediment quality guideline. Therefore detection of these 
chem�cals at  the concentrat�ons requ�red by  the nat�onal gu�del�nes requ�res  the serv�ces of 
research and/or specialist laboratories to be sought at significantly greater cost.

The metal concentrat�ons that could be measured across the 3 sampled reference locat�ons 
showed some var�ab�l�ty and appeared to exh�b�t a sl�ght north-south trend, except for copper. 
Alum�n�um and z�nc concentrat�ons �ncreased south to north and arsen�c, chrom�um and n�ckel 
concentrat�ons decreased. 

Metal concentrat�ons d�d not correlate well w�th sed�ment alum�n�um concentrat�on or the <63 
µm part�cle s�ze fract�on and so were not normal�sed to e�ther parameter. The poor correlat�ons 
are l�kely to be a result of the low proport�on of clay/s�lt fract�ons �n the sed�ments and hence 
the low alum�n�um concentrat�ons. Other sed�ment components w�th h�gh sorpt�ve capac�t�es 
for metals could therefore be strongly influencing metal distribution in these sediments along 
w�th the clay fract�on.
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Est�mates of natural background sed�ment concentrat�on for 10 metals have been prov�ded for 
the m�d-west coast reg�on of Western Austral�a (Table 8). The est�mated natural background 
concentrat�ons for all the metals were well w�th�n the ISQG–low recommended for use nat�onally 
(ANZECC & ARMCANZ (2000). Copper and z�nc sed�ment concentrat�ons from a s�te adjacent 
to the entrance to Geraldton Port were markedly elevated above background, but st�ll eas�ly 
met the recommended �nter�m sed�ment qual�ty gu�del�nes. Alum�n�um and z�nc concentrat�ons 
were also elevated �n Champ�on Bay compared to the reference locat�ons, but the d�fferences 
�n absolute terms were very small. Three of the four sed�ment sampl�ng s�tes �n Champ�on Bay 
were located well away from sh�pp�ng fac�l�t�es and may have been affected by recent dredg�ng 
act�v�ty.

Based on the findings of this study, and considering other relevant data from the Western 
Austral�an coast,  �t  �s concluded that  the  �nter�m sed�ment qual�ty gu�del�nes are appropr�ate 
for assess�ng sed�ment qual�ty  �n h�gh, moderate and  low ecolog�cal protect�on areas  �n  the 
reg�on. For areas des�gnated a max�mum level of ecolog�cal protect�on the est�mated natural 
background concentrations (Table 8) should be used as default SQG or alternatively site specific 
SQG developed from local reference s�te data.

The  results  of  th�s  survey  w�ll  ass�st  managers  and  regulators  to  assess  and  manage  the 
effects of ex�st�ng developments and other anthropogen�c act�v�t�es on the qual�ty of the mar�ne 
env�ronment, and w�ll gu�de the des�gn and env�ronmental �mpact assessment of future proposals 
for ocean outfalls and other po�nt or d�ffuse source d�scharges �n the reg�on. A fundamental 
basel�ne from wh�ch to assess local and reg�onal changes �n sed�ment qual�ty �n years to come 
has been establ�shed.
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Appendix A: Methods

The following methods are for sample bottle preparation, sample collection, sample filtration 
and the specific chemical analyses.

A.1  PREPARATION OF SAMPLE CONTAINERS

A.1.1 Trace metal sample containers

Sample conta�ners used to store sed�ments for metal analyses were prov�ded by the Mar�ne and 
Fresh Water Research Laboratory (MAFRL). The 70 mL conta�ners were ur�ne jars transferred 
d�rect from the manufacturer (Sarstedt) and were made of polypropylene w�th a polyethylene 
cap and produced under class 3500 clean room cond�t�ons.

A.1.2 <63 particle size fraction sample bags

Samples for part�cle s�ze fract�onat�on were stored �n plast�c wh�rlpacs. 

A.1.3 Organics and low level silver sample containers

Sed�ment  samples  for  analys�s  of  organ�c  chem�cals  were  stored  �n  glass  jars  prov�ded  by 
the Australian Government Chemical Laboratories (AGAL). The bottle caps were Teflon lined. 
All  sample  bottles  were  transferred  d�rect  from  the  manufacturer  (S�lverlock)  and  free  from 
contaminants. This was further confirmed by the analytical results.

A.2 SAMPLE COLLECTION AND HANDLING

Samples  of  the  surface  2  cm  of  sed�ment  were  collected  us�ng  clear  polycarbonate  cores 
pushed into the seabed and retrieved to the boat deck for sub-sampling. Prior to the field 
sampl�ng program the polycarbonate cores had been ac�d washed, r�nsed w�th de�on�sed water 
and wrapped �n plast�c bags for transport to the sampl�ng s�te. The DoE research vessel Zo�la 
was used for the fieldwork.

Divers collecting sediment cores from 1 m2 quadrat.

Sed�ment cores were carefully pushed from the polycarbonate corer tubes us�ng a core extruder 
so that the overlay�ng water was decanted w�thout d�sturb�ng the surface sed�ment. The top 2 
cm of the sed�ment core was then extruded above the r�m of the core and sl�ced off �nto the 
sample collect�on conta�ner w�th a plast�c kn�fe. Where samples had to be homogen�zed for sub-
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sampl�ng �nto separate sample conta�ners (eg. metals and sed�ment part�cle s�ze fract�onat�on) 
the sed�ments were collected �n a plast�c z�p-lock bag and thoroughly m�xed before be�ng sub-
sampled �nto the respect�ve sample storage conta�ners. 

A total of five cores made up each of the three replicate samples taken at each site for the 
metal analyses and  the  three  repl�cates samples  taken  for organ�c analys�s at s�te CB2. All 
other samples  for organ�c chem�cal analyses were composed of all 15 cores  taken at each 
s�te. Approx�mately 50 mL of sed�ment was sub-sampled for metal analyses and 180mL sub-
sampled for the organ�c and low-level s�lver analyses. A m�n�mum of 20 mL of sed�ment was 
collected for the part�cle s�ze fract�onat�on. 

On the vessel, care was taken to ensure that contam�nat�on was m�n�m�sed at all  t�mes and 
the workspace was covered w�th clean plast�c sheet�ng. The polycarbonate core tubes were 
washed �n clean seawater between each sampl�ng s�te.

All samples were stored �n the dark on �ce and del�vered to the respect�ve analyt�cal laborator�es 
at the end of the field program (ie. within 6 days from the collection of the first samples at Jurien 
Bay).

A.3  ANALYTICAL METHODS

A.3.1 Metals

Sample Preparation Steps

(a)  Sample Preparat�on follows Austral�an Standard 4479.1.

(b)  Dry�ng – the ent�re sample rece�ved shall be dr�ed us�ng the freeze dryer. Refer to    
  Append�x 8 for operat�ng �nstruct�ons

(c)  After dry�ng extraneous mater�al such as gravel, glass, roots, paper and any coarse   
  mater�als must be removed.

(d)  Pass the test sample through a 2 mm s�eve. L�ghtly crush clods of so�l reta�ned by the  
  s�eve so they pass through the 2 mm s�eve.

(e)  Where the sample �s greater than 50 g, the sample �s sub-sampled by “quarter�ng”.    
  On greaseproof paper m�x then d�v�de the so�l �nto four quadrants then comb�ne the 2  
  d�agonal quadrants. Repeat th�s unt�l approx�mately 50 g of sample �s ach�eved.

(f)  M�ll approx�mately 10 g of the sample unt�l part�cle s�ze �s approx�mately 150 mm. Refer  
  to Append�x 9 for m�xer m�ll operat�ng �nstruct�ons.

Sample Extraction Steps

(a)  Sample extract�on follows Austral�an Standard 4479.2

(b)  All glassware must be ac�d washed and tr�ple r�nsed w�th de�on�sed water. 

(c)  Accurately we�gh between 1.0 g and 1.1 g of the prepared sample �nto a d�gest tube.  
  Refer to the proforma (Sect�on 15) for the pos�t�ons of the blanks, references mater�als,  
  and dupl�cates.

(d)  Wet the sample w�th a drop of de�on�sed water.

(e)  Carefully add 2.5 mL of HNO3 (7.2) and 7.5 mL of HCl (7.3) and cover w�th a glass    
  funnel.

(f)  Place tubes �n alum�n�um d�gest block and stead�ly ra�se temperature to 50oC to remove  
  any organ�c mater�al. After half an hour, stead�ly ra�se the temperature to 125°C.
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(g)  Heat at 125°C for 2 hours.

(h)  Remove the tubes from the d�gest block, allow to cool, make them up to the 20 mL mark  
  w�th 1% n�tr�c ac�d (7.4), and m�x well w�th the vortex m�xer. 

(�)  Allow part�culate matter to settle or centr�fuge.

(j)  D�lute d�gest solut�ons 5 t�mes �nto 10 mL auto sampler tubes us�ng the Ham�lton d�luter  
  pr�or to measurement.

Sample Analysis

The d�gested samples were analysed by AES-ICP for alum�n�um, standard arsen�c, cadm�um, 
cobalt, chrom�um, copper, �ron, n�ckel, lead, standard selen�um, s�lver, vanad�um and z�nc.

For  mercury  and  the  low-level  arsen�c  and  selen�um  analyses  the  sample  passes  through 
the hydr�de vapour generator before the ICP accord�ng to the follow�ng method. The vapour 
generat�on accessory (VGA) m�xes the sample w�th ac�d, sod�um borohydr�de and potass�um 
�od�de. The �od�de reduces AsV to AsIII and SbV to SbIII. The borohydr�de reduces the AsIII, 
SeIV and SbIII to the�r volat�le hydr�des. The hydr�des are separated from the solut�on by the 
gas/l�qu�d separator then transferred to the plasma of the ICP-AES v�a the argon carr�er gas. 
Here the extreme thermal energy of the plasma gas exc�tes the atoms present. When these 
atoms return from the�r exc�ted state l�ght �s em�tted. The �ntens�ty of the l�ght �s character�st�c of 
the number of these atoms present, which can be quantified by comparison with standards.

Quality control

To check analyt�cal accuracy, laboratory dupl�cates and standard solut�ons were analysed (and 
recover�es calculated) for every batch of approx�mately 10 samples.

 A.3.2 <63 µm particle size fraction

The analyt�cal method descr�bed below was suppl�ed by the CSIRO M�nerals D�v�s�on Part�cle 
S�z�ng Laboratory.

Moisture content:

A  representat�ve  sub-sample  was  taken  to  determ�ne  the  mo�sture  content  to  enable  a  dry 
start�ng we�ght to be calculated.

(a)  Sample and bag we�ghed.

(b)  Contents of the bag empt�ed �n a known we�ghed beaker and (sample +beaker we�ght  
  recorded).

(c)  Empty bag we�ght recorded.

(d)  Beaker conta�n�ng wet sample placed �n a 100ºC oven for a m�n�mum of 10 hours.    
  Beaker removed and placed �n a des�ccator unt�l �t cools then the we�ght recorded. 

(e)  Mo�sture content and �n�t�al sample we�ght were determ�ned.

Wet Sieving at 63µm

(a)  Samples were wet s�eved us�ng a 63µm screen. 

(b)  +63µm fract�on collected and dr�ed at 100ºC and the we�ght recorded.

(c)  -63µm percentages were calculated us�ng the �n�t�al sample we�ght and the +63µm    
  we�ght.
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A.3.3 Organics and low-level Silver

The  analyt�cal  methods  below  are  from  summar�es  prov�ded  by  the  Nat�onal  Measurement 
Inst�tute (NMI).

Method NT 2.49
Metal analysis in sediments

Samples are digested with HNO3/HCl at 100˚C for 2 hours. After appropriate dilution the metal 
concentrat�ons are determ�ned us�ng both ICPMS and/or ICP AES depend�ng on concentrat�on. 
All h�gh concentrat�ons that may be due to matr�x �nterferences are cross-checked us�ng both 
ICPMS and ICP AES.

For QA/QC purposes one blank, one matr�x sp�ke, one dupl�cate sample and one laboratory 
control sample (reference sed�ment) �s analysed per batch or for every 20 samples �f the batch 
�s >20 samples.

Method 11.11
PAH in water (Low level)

An al�quot of sed�ment �s taken and m�xed w�th anhydrous sod�um sulphate. The dr�ed sample �s 
then extracted us�ng d�chloromethane/acetone solvent (1:1) (concentrat�on factor �s greater for 
low level determ�nat�on). A port�on of the extract �s then concentrated and cleaned up w�th s�l�ca 
gel. The final cleaned extract is then concentrated and analysed by GC-MS in SIM mode.

Method NR 35
Organo-tin in sediment

The sediment is extracted with acidified ethanol then derivitised by sodium tetraethylborate. 
The ethylated der�vat�ves are  then extracted  �nto hexane  then analysed by GC-AED where 
two characteristic tin emission lines are used for quantitation and identification. Quantitation 
�s aga�nst  target standards. Tr�propylt�n  �s used as a surrogate  to mon�tor extract�on/method 
efficiencies.

The method �s �n-house but has procedures based on 

Attar, K.M., “Analyt�cal Methods for the Spec�at�on of Organot�ns �n the Env�ronment”, Appl�ed 
Organometall�c Chem�stry, 10, 317-337 (1996).

Abalos, M., Bayona,J., Compano, R., Grandos, M., Leal, C., Prat, M., “ Analyt�cal Procedures 
for the determ�nat�on of organot�n compounds �n sed�ment and B�ota: a cr�t�cal rev�ew”, Journal 
of Chromatography A, 788, 1-49 (1997).

Method NGCMS 1121
BTEX and C6-C9 Total Petroleum Hydrocarbons (TPH) in sediment 

Sediment samples are first dispersed in methanol and an aliquot of this solution is mixed 
w�th organ�c free water to be analysed by the purge and trap method. In the purge and trap 
method  a  sample  (normally  98%  water,  2%  methanol  extract)  �s  purged  w�th  n�trogen  and 
the volat�le sample components are  trapped  �n a  tube conta�n�ng su�table adsorbents. After 
purging is complete, the sorbent tube is rapidly heated and backflushed with helium to desorb 
the trapped components. The analytes are transferred to the front of a narrow bore cap�llary 
column operat�ng �n the spl�t mode. The column �s then temperature and pressure programmed 
to separate the analytes. The volat�le compounds detected by the GCMS operat�ng �n EI mode 
us�ng full scan.
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Method NGCMS 1112
C10-C36 Total Petroleum Hydrocarbons (TPH) in sediment

Sed�ments  are  extracted  w�th  a  50%  d�chloromethane/acetone  solvent.    Prepared  extracts 
are  �njected  �nto  a  GC  where  separat�on  of  �nd�v�dual  components  �s  ach�eved  w�th  a  non-
polar capillary column and detection is by flame ionisation. Concentrations are determined by 
compar�son w�th alkane standards us�ng electron�c �ntegrat�on.

Method NR_19
Organophosphate (OP) pesticides in sediment

Sed�ment �s m�xed w�th anhydrous sod�um sulphate and tumbled w�th hexane/acetone us�ng a 
rotat�ng shaker. If requ�red, the extract �s cleaned up by Gel Permeat�on Chromatography (GPC) 
and/or sulphur removal. The final extract is analysed by GC-NPD and confirmed by GCMS-
NCl (for selected OP analytes). A number of spec�al�st clean-up procedures are employed to 
remove non-analyte �nterferences where requ�red.

Method NR_19
Organochlorine (OC) pesticides and PCB residues in sediment

Sed�ment  matr�ces  are  m�xed  w�th  anhydrous  sod�um  sulphate  and  tumbled  w�th  hexane/
acetone using a rotating shaker. Extracts are then cleaned up with florisil. If required, the 
extract �s cleaned up by Gel Permeat�on Chromatography (GPC) and/or sulphur removal. The 
final extract is analysed by GC-ECD and confirmed by GCMS-NCl. 

Method NWS_15
Total organic carbon in sediment

The sample �s st�rred and crushed to ensure all large lumps are broken up, �s we�ghed �nto a 
small plat�num boat and hydrochlor�c ac�d �s added to remove �norgan�c carbon (carbonates and 
b�carbonates). The res�due �s heated �n an oven at 100 C to dryness and the boat w�th the dr�ed 
res�due placed �n the boat accessory of a Dohrmann 190 TOC analyser. The boat �s heated �n 
a furnace at 680 C to convert all organ�c carbon to carbon d�ox�de and the gas so produced 
�s swept �nto the ma�n body of the TOC analyser where �ts concentrat�on �s determ�ned by an 
infrared detector. The instrument is fitted with software enabling it to give a read out of per cent 
organ�c carbon �n the sample. 
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Appendix B: Metals Analytical Quality Control Data

Mar�ne and Fresh Water Research Laboratory  Date of �ssue: 14/9/05 
Sed�ment Data  Reference: DOE05-6 
  COC#: 24622, 24625, 24626, 24627

METHOD  ICP002 ICP002 ICP002 ICP002 ICP002 ICP002 ICP002 ICP007 ICP002 ICP004

SAMPLE Al Cd Cr Cu N� Pb Zn Hg As As

CODE mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Report�ng <20 <0.06 <0.2 <0.2 <0.4 <1 <0.5 <0.01 <1 <0.05

L�m�t (mg/kg)

F�le 05060301 05060301 05060301 05060301 05060301 05060301 05060301 05060801 05060301 05060901

Batch samples: 
CB1a, CB1b, 
CB1c, CB2a, 
CB2b, CB2c, 
CB3a, CB3b, 
CB3c, CB4a

Dupl�cate

Recovery

18%

88%

-

88%

7%

96%

8%

94%

2%

98%

9%

96%

16%

98%

-

100%

25%

92%

6%

90%

Batch samples: 
CB4b, CB4c, 
CH5c, CH1a, 
CH1b, CH1c, 
CH2a, CH2b, 
CH2c, CH3a, 
CH3b

Dupl�cate

Recovery

3%

82%

-

91%

20%

91%

2%

89%

5%

92%

2%

93%

2%

95%

-

100%

7%

96%

7%

91%

Batch samples: 
CH3c, CH4a, 
CH4b, CH4c, 
H1a, H1b, H1c, 
H2a, H2b, H2c

Dupl�cate

Recovery

3%

87%

-

93%

7%

91%

9%

89%

2%

93%

7%

90%

5%

91%

-

-

17%

106%

-

-

Batch samples: 
H2d, H3a, H3b, 
H3c, H4a, H4b, 
H4c, JB1a, 
JB1b, JB1c

Dupl�cate

Recovery

2%

99%

34%

103%

6%

103%

25%

103%

17%

103%

11%

102%

2%

104%

50%

97%

1%

106%

40%

124%

Batch samples: 
JB2a, JB2b, 
JB2c, JB3a, 
JB3b, JB3c, 
JB4a, JB4b, 
JB4c

Dupl�cate

Recovery

3%

117%

-

105%

6%

103%

-

100%

4%

103%

2%

102%

12%

102%

- 3%

100%

-

-

Sample replicates

JB2c (�) 160 0.08 9.0 <0.2 0.7 <1 <0.5 <0.01 4 3.0

JB2c (��) 140 0.09 9.1 <0.2 0.6 <1 <0.5 <0.01 3 3.0

H2c (�) 410 <0.06 6.4 0.2 0.5 1 1.3 <0.01 2 1.8

H2c (��) 410 <0.06 5.7 0.4 0.6 2 1.4 0.2 2 1.7
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Appendix C:  Analytical quality control data for the organic and low-level 
silver analyses 

Organotins

Analyte LOR Blank LCS Sample Duplicate  Matrix Spike

   Recovery Sample Duplicate RPD Recovery

 ng/g ng/g % ng/g ng/g % %

Organotin    W05/008289   Blank Soil

Monobutylt�n 0.50 <0.50 88 <0.50 <0.50 - 84

D�butylt�n 0.50 <0.50 86 <0.50 <0.50 - 89

Tr�butylt�n 0.50 <0.50 91 <0.50 <0.50 - 81

Acceptable Sp�ke recovery �s 20-150% (For monobutylt�n)        
Acceptable Sp�ke recovery �s 40 to150% (For d�- and tr�butylt�n)      
Results expressed �n percentage (%) or ng/g wherever appropr�ate.     
 ‘ - ‘ = Not Appl�cable.            
Method used : NMI Method NR35           
RPD= Relat�ve Percentage D�fference.

Total Organic Carbon

Analyte Method LOR Blank Duplicates  Recoveries  

 
mg/kg     mg/kg

1 2 RPD Matrix spk LCS

mg/kg mg/kg % % %

Waters Section    W05/008292  W05/008292  

Carbon-Total organ�c NWS15 100 <100 1500 1500 0 86 98

F�lename = DEPE02_050517_W1 
                       
Acceptable recovery �s 80-120%.                 
Acceptable RPDs on dupl�cates �s 40% at >5 t�mes LOR. Greater RPD may be expected at <5 
LOR.   
LOR = L�m�t Of Report�ng           
RPD = Relat�ve Percent D�fference         
LCS = Laboratory Control Sample             
               
Results greater than ten times LOR have been rounded to two significant figures. 
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BTEX, TPH and PAH 

Analyte LOR Blank LCS Sample Duplicates  Matrix Spike

   Recovery Sample Duplicate RPD Recovery

 mg/kg mg/kg % mg/kg mg/kg % %

BTEX    W05/008293   Blank Soil

Benzene 0.50 <0.50 102 <0.50 <0.50 - 117

Toluene 0.50 <0.50 86 <0.50 <0.50 - 124

Ethyl Benzene 0.50 <0.50 93 <0.50 <0.50 - 118

m, p - Xylene 1.00 <1.0 98 <1.0 <1.0 - 121

o-Xylene 0.50 <0.50 98 <0.50 <0.50 - 125

TPH    W05/008293   Blank Soil

TPH  C6-C9  25 <25 96 <25 <25 - 121

        W05/08292      Blank So�l

TPH  C10-C14  50 <50 104 <50 <50 - 102

TPH  C15-C28  100 <100 103 <100 <100 - 102

TPH  C29-C36  100 <100 - <100 <100 - -

PAH    W05/08292   Blank Soil

Naphthalene  0.1 <0.1 105 <0.10 <0.10 - 97

Acenaphthylene  0.1 <0.1 - <0.10 <0.10 - -

Acenaphthene  0.1 <0.1 - <0.10 <0.10 - -

Fluorene  0.1 <0.1 103 <0.10 <0.10 - 98

Phenanthrene  0.1 <0.1 103 <0.10 <0.10 - 96

Anthracene  0.1 <0.1 - <0.10 <0.10 - -

Fluoranthene  0.1 <0.1 - <0.10 <0.10 - -

Pyrene  0.1 <0.1 - <0.10 <0.10 - -

Benz[a]anthracene  0.1 <0.1 - <0.10 <0.10 - -

Chrysene  0.1 <0.1 100 <0.10 <0.10 - 91

Benzo[b]&[k]fluoranthene 0.2 <0.2 - <0.10 <0.10 - -

Benzo[a]pyrene  0.1 <0.1 103 <0.10 <0.10 - 97

Indeno[1_2_3-cd]pyrene  0.1 <0.1 - <0.10 <0.10 - -

D�benz[ah]anthracene  0.1 <0.1 103 <0.10 <0.10 - 96

Benzo[gh�]perylene  0.1 <0.1 - <0.10 <0.10 - -

Surrogate 1 Recovery - - 93 94 94 0.0 95

Surrogate 2 Recovery - - 83 106 101 4.8 104

Results expressed �n percentage (%) or mg/kg wherever appropr�ate.     
 ‘ - ‘ = Not Appl�cable.            
Method used : AGAL Method NGC/MS11.11, 11.12 and 11.21       
Th�s report shall not be reproduced except �n full.         
Acceptable Sp�ke recovery �s 70-130% (For BTEX and TPH C6-C9)      
Acceptable Sp�ke recovery �s 50-150% (For PAH and TPH C10-C36)      
Acceptable RPDs on sp�kes and dupl�cates �s 40%.         
RPD= Relat�ve Percentage D�fference.           
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OC and OP pesticides and PCBs

Analyte LOR Blank LCS Sample Duplicates  Matrix Spike

   Recovery Sample Duplicate RPD Recovery

 mg/kg mg/kg % mg/kg mg/kg % %

OC Pesticides    W05/008289   Blank Soil

HCB 0.0010 <0.0010 - <0.0010 <0.0010 - -

Heptachlor 0.0010 <0.0010 76 <0.0010 <0.0010 - 66

Heptachlor epox�de 0.0010 <0.0010 - <0.0010 <0.0010 - -

Aldr�n 0.0010 <0.0010 100 <0.0010 <0.0010 - 112

gamma-BHC (L�ndane) 0.0010 <0.0010 70 <0.0010 <0.0010 - 66

alpha-BHC 0.0010 <0.0010 - <0.0010 <0.0010 - -

beta-BHC 0.0010 <0.0010 - <0.0010 <0.0010 - -

delta-BHC 0.0010 <0.0010 - <0.0010 <0.0010 - -

trans-Chlordane 0.0010 <0.0010 - <0.0010 <0.0010 - -

c�s-Chlordane 0.0010 <0.0010 - <0.0010 <0.0010 - -

Oxychlordane 0.0010 <0.0010 - <0.0010 <0.0010 - -

D�eldr�n 0.0010 <0.0010 96 <0.0010 <0.0010 - 86

pp-DDE 0.0010 <0.0010 - <0.0010 <0.0010 - -

pp-DDD 0.0010 <0.0010 - <0.0010 <0.0010 - -

pp-DDT 0.0010 <0.0010 72 <0.0010 <0.0010 - 64

Endr�n 0.0010 <0.0010 86 <0.0010 <0.0010 - 76

Endr�n Aldehyde 0.0010 <0.0010 - <0.0010 <0.0010 - -

Endr�n Ketone 0.0010 <0.0010 - <0.0010 <0.0010 - -

alpha-Endosulfan 0.0010 <0.0010 - <0.0010 <0.0010 - -

beta-Endosulfan 0.0010 <0.0010 - <0.0010 <0.0010 - -

Endosulfan Sulphate 0.0010 <0.0010 - <0.0010 <0.0010 - -

Methoxychlor 0.0010 <0.0010 - <0.0010 <0.0010 - -

Surrogate OC Rec.   83 89 101 90 12 86

PCB Compounds    W05/008289   Blank Soil

PCB  0.010 <0.010 138 <0.010 <0.010 - 134

OP Pesticides    W05/008289   Blank Soil

D�chlorvos 0.010 <0.010 - <0.010 <0.010 - -

Demeton-S-Methyl 0.010 <0.010 - <0.010 <0.010 - -

D�az�non 0.010 <0.010 92 <0.010 <0.010 - 96

D�methoate 0.010 <0.010 - <0.010 <0.010 -  

Chlorpyr�fos 0.010 <0.010 84 <0.010 <0.010 - 64

Chlorpyr�fos Methyl 0.010 <0.010 - <0.010 <0.010 - -

Malath�on (Mald�son) 0.010 <0.010 - <0.010 <0.010 - -

Fenth�on 0.010 <0.010 - <0.010 <0.010 - -

Eth�on 0.010 <0.010 84 <0.010 <0.010 - 72

Fen�troth�on 0.010 <0.010 - <0.010 <0.010 - -

Chlorfenv�nphos (E) 0.010 <0.010 - <0.010 <0.010 - -

Chlorfenv�nphos (Z) 0.010 <0.010 - <0.010 <0.010 - -

Parath�on (Ethyl) 0.010 <0.010 64 <0.010 <0.010 - 64

Parath�on Methyl 0.010 <0.010 - <0.010 <0.010 - -

P�r�m�phos Ethyl 0.010 <0.010 - <0.010 <0.010 - -

P�r�m�phos Methyl 0.010 <0.010 - <0.010 <0.010 - -

Az�nphos Methyl 0.010 <0.010 - <0.010 <0.010 - -

Az�nphos Ethyl 0.010 <0.010 - <0.010 <0.010 -  

Surrogate OP Rec.   94 100 101 95 6.1 95



36 
Department of Env�ronment and Conservat�on 

Mar�ne Techn�cal Report Ser�es MTR2  Background qual�ty of the mar�ne sed�ments off the Western Austral�an m�d-west coast

LCS = Laboratory Control Sp�ke           
Results expressed �n percentage (%) or mg/kg wherever appropr�ate.     
 ‘ - ‘ = Not Appl�cable.            
Method used : AGAL Method NR19           
Acceptable Sp�ke recovery �s 40-150% (For OC Compounds).       
Acceptable Sp�ke recovery �s 40-150% (For OP Compounds).       
Acceptable RPD (Relat�ve Percentage D�fference) on Sp�kes and Dupl�cates �s 40%. 
QA No :  PESTS1010

Silver (low level)

Analyte Method LOR Blank Duplicates   Recoveries

    1 2 RPD Matrix spk LCS

    W05/008283 W05/008283 AGAL10, Sediment

  mg/kg mg/kg mg/kg mg/kg % % %

S�lver NT2.49 0.2 <0.2 <0.2 <0.2 ND 110 100

Notes:               
Acceptable recovery �s 75-120%.             
Acceptable RPDs on dupl�cates �s 44% at concentrat�ons >5 t�mes LOR. Greater RPD may be 
expected at <5 t�mes LOR.
LOR: L�m�t Of Report�ng             
RPD: Relat�ve Percent D�fference             
ND: Not determ�ned             
NA: Not appl�cable             
LCS: Laboratory Control Sample             
**: reference value not ava�lable             

Comments:               
Results greater than ten times LOR have been rounded to two significant figures.
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Appendix D: Graphs of reference site metal concentrations against the 
three potential normalisers

(<63 µm part�cle s�ze fract�on, alum�n�um and �ron concentrat�ons)
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Arsenic
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Chromium
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Nickel
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Zinc
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