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Abstract The purpose of the study was to determine

metal pollution and ecological risk in the sediments around

Rize Harbor. Metal concentrations (Cu, Zn, Pb, Cd, As,

Hg, Ni and Al), were determined in the sediments collected

from 7 sites in November, 2010. Metal levels in the sedi-

ments were varied from 33.9 to 279.1 mg/kg for Cu, 82 to

383 mg/kg for Zn, 15.9 to 33 mg/kg for Pb, 4.9 to 12.3 mg/kg

for As, 0.1 to 1.4 mg/kg for Cd, 0.01 to 0.07 mg/kg for Hg,

13.1 to 17.6 mg/kg for Ni, 1.5 % to 2.98 % for Al. Con-

centration of metals also was evaluated by enrichment

factor, Sediment Quality Guideline (SQGs) of US EPA,

and two sets of SQGs indices. A factor analysis was used to

determine source of contamination. Two probable source

types were identified as anthropogenic and crustal for

metals, explaining 86.4 % of the total variance. Six sites

were heavily polluted by Cu. Copper concentration in R1

station was found significant enrichment. Current concen-

tration of copper would be expected to frequently be

associated with the toxic effect on biota.

Keywords Metal contamination � SQGs �
Enrichment factor � Factor analysis � Toxic units

Metals are brought into the sea by terrestrial runoff,

atmospheric deposition, sewage discharges and others.

After a series of process, metals deposited along with

colloid and were accumulated from the water into the

sediments, so the sediments became the main repository of

metals and other chemicals (Förstner and Wittmann 1983).

Many researchers believe that the sediments are an indi-

cator for water pollution, and the metals’ concentration in

the sediments can reflect the water pollution level (Selvaraj

et al. 2004).

Metals, unlike other pollutants, are not biodegradable and

can accumulate in sediments over time. Moreover, metal

concentration in sediment can uptake to toxic levels and

affect marine organisms and food chain. Accumulation is

enhanced in enclosed and semi-enclosed areas (Findik and

Turan 2012; Karahalil et al. 2012; Tang et al. 2008). Harbors

are enclosed and limited exchange water bodies. Addition-

ally, they are tended to take serious metal inputs from

marinas, shipping activities, loading and unloading opera-

tions, industrial and urban discharges (Huerta et al. 2008). It

is very important that determine the metal accumulation in

harbor sediments. Because, contaminated sediment can

move as point sources of contamination during dredging

operations or any other activity by which contaminated

sediments can be transported out of the harbors and into

neighboring bays or open sea areas (Huerta et al. 2008).

Rize city is located around a small bay on north-east

Turkey, Black Sea coast. Rize harbor far away 18 km from

mine area is important in the area because of ore trans-

portations. The company produces 1.2 million tons of ore,

annually. Average reserve grades are 3.5 % for Cu and

4.6 % for Zn (IMC 2009). Ore processing, smelting, and

refining operations can cause deposition of large quantities

of trace metals, such as Pb, Zn, Cu, and As into drainage

basins or direct discharge into aquatic environments

(Csuros and Csuros 2002). During ore loading operations,

there were many environmental events, including high

metal concentrations in treated runoff at Rize harbor

facility, in recent years. Because of Rize has heavy rainfall,
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during storms it is difficult to avoid overflows of runoff and

to keep Rize harbor residuals within permit limits (IMC

2009).

The overall objectives of present study were: (1) to

assess the level of contamination, (2) to assess the potential

ecotoxicological sense, (3) to asses of the sources of the

metals.

Materials and Methods

Sediment samples were taken from 7 stations located on

Rize harbor and bay (Fig. 1) in November 2010. The sta-

tions were chosen so as to cover the metal pollution

affected area. Three sub-sampling of sediments (the top

5 cm layer of the bottom) were sampled using 225 cm2

Ekman-Birge type bottom sampler from each station. The

samples were placed in polyethylene bags using a plastic

spatula to prevent contamination, and homogenized to

achieve a composite sample each station. After collection,

samples were placed in refrigerator, and transported to the

laboratory. All sediment samples were preserved at -18�C

until analyzed (Csuros and Csuros 2002).The samples were

dried at 45�C before analysis. For grain size distribution,

sediment samples were sieved using distilled water in AS

200 vibratory sieve shaker (Retsch, Düsseldorf, Germany).

Grain sizes were classified as fine (\0.063 mm), sand

(0.063–2 mm) and gravel ([2 mm) according to Folk

(1954). pH was determined, 1:2 w/v ratio for sediment to

water and an equilibration time of 30 min, using a Hach

Lange HQ40D multi meter described by Radojevic and

Bashkin (2006). Total organic carbon (TOC) was carried

out using a modified Walkley–Black titration method

(detection limit 0.05 %) (Gaudette et al. 1974). For metal

analysis, sediment samples were sieved to pass \63 lm

because the metals are generally related with small grains

(Morillo et al. 2004). Metal concentrations (Cu, Pb, Zn, Cd,

As, Ni, Hg and Al) were analyzed using an inductively

coupled plasma–mass spectrometer (ICP–MS) analysis in

ACME lab., (Vancouver, BC, Canada). The accuracy of the

analysis was ranged from 95.81 % to 103.50 %. The

detection limits for metals were 0.1 for Cu, 1 for Zn, 0.1 for

Pb, 0.1 for Cd, 0.5 As, 0.01 Hg, 0.1 Ni mg/kg and 0.01 %

for Al. Factor analysis was performed to confirm the major

source(s) of metals in the sampling area. The rotation

method was Varimax with Kaiser Normalization in the

analysis. Pearson correlation was performed to determine

the relationship among metals in sediments. All data were

given mg/kg dry weight (dw). All statistical analyses were

performed using SPSS 15 Software package (SPSS Inc.,

Chicago, IL, USA).

Results and Discussion

Percentages of sediment fractions are given in Table 1. The

sand fractions were generally dominant ([50 %) in the

surface sediments. Concentrations of TOC in surface sed-

iments around Rize harbor were ranged from 0.57 % to

1.02 %. pH values were ranged from 7.12 to 7.55 in sur-

face sediment around Rize harbor (Table 1).

Metal levels in the sediments from 7 stations varied from

33.9 to 279.1 mg/kg for Cu, 82 to 383 mg/kg for Zn, 15.9 to

33 mg/kg for Pb, 4.9 to 12.3 mg/kg for As, 0.1 to 1.4 mg/kg

for Cd, 0.01 to 0.07 mg/kg for Hg, 13.1 to 17.6 mg/kg for

Ni, 1.5 % to 2.98 % for Al (Table 2). The highest metals’

concentrations were at R1 station. Harbors are enclosed and

low-energy water bodies (Huerta et al. 2008). It was

reported in the literature that accumulation is enhanced in

enclosed and semi-enclosed areas (Pekey et al. 2004; Tang

Fig. 1 Map of the sampling

area
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et al. 2008). R1 station was in the inner harbor, water cir-

culation in this area was not good. It can be said that con-

centrations of metals were higher than other stations. Mean

concentrations of Cu, Zn, Pb, and Cd in sediments were

higher than the shale average values whereas, the average

concentration of Ni, As, Al, and Hg were less than average

shale (Turekian and Wedepohl 1961) (Table 2).

According to the Sediment Quality Guideline (SQGs)

proposed by US EPA, sediments were classified into three

classes, non-polluted, moderately polluted and heavily

polluted (Pekey et al. 2004). The average metal values of

stations were compared with the SQGs (Table 2). Six sites

distributed in Rize harbor and the bay heavily polluted by

Cu and the remaining site located at the back of the harbor

(Fig. 1) was moderately polluted. Zn concentrations in five

stations were between 112 and 168 mg/kg which was

classified as moderately polluted, while greater 200 mg/kg

concentration, classified as heavily polluted, was deter-

mined at a station (R1). Zn concentration in R7 station was

non-polluted. Concentration of As in three stations (R2, R3,

R4) which is close the shore line, were classified as mod-

erately polluted (3–8 mg/kg), while four stations (R1, R5,

R6, R7) were classified as heavily polluted ([8 mg/kg).

Concentrations of Pb, Cd, and Ni in all stations were clas-

sified as non-polluted (\40,\6,\20 mg/kg) respectively.

Metal concentrations in sediments of Rize harbor were

compared with harbor sediments reported from different

areas of the world. Concentrations of Cu were higher than

Tolo, Guam, Mao, and Montevideo harbors but lower than

the Naples and Rijeka harbors. The range of Zn concen-

trations in Rize harbor were higher than in Tolo harbor but

lower than Naples, Guam, Rijeka, Mao, and Montevideo

harbors. Concentrations of Pb, Hg, and As levels in this

study were detected lower than reported harbors. Cadmium

concentrations in the present study were higher than Naples

and Mao harbors but lower than other harbor reported

studies (Adamo et al. 2005; Owen and Sandhu 2000;

Denton et al. 2005; Cukrov et al. 2011; Garcia et al. 2011;

Muniz et al. 2004).

Enrichment factor (EF) is an index to determine

anthropogenic influences of metals in sediment. It is

described as the monitoring metal to aluminum (Al) ratio in

the sample of interest divided by the background metal/Al

ratio because Al is one of the most abundant elements on

the earth and generally has no contamination concern.

Aluminum has been used by many researchers (Pekey et al.

2004; Cukrov et al. 2011). The enrichment factor (EF) is

expressed as:

EF ¼ ðMe=AlÞsample=ðMe=AlÞshale

where (Me/Al)sample is the metal/Al ratio in the sample of

interest and (Me/Al) shale is the natural background value

of the metal/Al ratio. In the present study, average shale

(Turekian and Wedepohl 1961) was used as background

value for metals because no such data was available for the

study area. Five contamination categories were determined

(Sutherland 2000): EF \2 depletion to minimal enrich-

ment, 2 B EF \ 5 moderate enrichment, 5 B EF \ 20

significant enrichment, 20 B EF \ 40 very high enrich-

ment, and EF C 40 extremely high enrichment.

The EF values are given (Table 3). The EF of

metals in the sediments around Rize harbor was:

Table 1 General properties of the sediment around Rize harbor

Area pH Gravel (%) Sand (%) Fine (%) TOC (%)a

R1 7.40 1.12 89.54 9.34 0.85

R2 7.35 0.86 93.12 6.02 0.76

R3 7.32 0.47 96.25 3.28 0.75

R4 7.34 0.35 97.68 1.97 0.82

R5 7.55 6.01 51.28 42.71 1.02

R6 7.18 0.92 84.72 14.36 0.64

R7 7.12 0.75 86.92 12.33 0.57

a Dry weight

Table 2 Metal content (mg/kg)

of surface marine sediments

around Rize harbor and SQG

by US EPA

a Turekian and Wedepohl

(1961)
b Pekey et al. (2004)
c % dw

Stations Cu Zn Pb As Cd Hg Ni Alc

R1 279.1 383.0 33.0 12.3 1.4 0.07 16.2 2.98

R2 82.2 143.0 22.6 6.4 0.3 0.05 15.0 2.58

R3 93.6 155.0 18.3 4.9 0.1 0.01 17.6 1.50

R4 58.9 168.0 22.7 7.0 0.3 0.02 17.0 2.09

R5 61.7 153.0 23.0 9.6 0.4 0.04 15.4 2.78

R6 67.4 112.0 23.4 8.1 0.2 0.02 16.0 2.94

R7 33.9 82.0 15.9 8.4 0.1 0.03 13.1 2.61

Average shalea 45.0 95.0 20.0 13.0 0.3 0.40 68.0 8.00

SQG (US EPA)b

Non-polluted \25 \90 \40 \3 – – \20 –

Moderately polluted 25–50 90–200 40–60 3–8 – – 20–50 –

Heavily polluted [50 [200 [60 [8 [6 – [50 –
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Cu [ Zn [ Cd [ Pb [ As [ Ni [ Hg. Significant enrich-

ment of sediment with Cu was found 57.1 % of stations,

while 42.9 % of stations were classified as moderate

enrichment. The EF of Pb was classified as moderate

enrichment at all stations. Significant enrichment of sedi-

ments with Zn was found at 42.9 % of sites, while four sites

(57.1 % of the total sites), were classified as moderate

enrichment. For Cd EF, 14.3 % of total sites were classified

as being significant enrichment; three stations were classi-

fied as being moderate enrichment and three stations were

classified as being depletion to minimal enrichment. Mod-

erate enrichment of sediment with As was found at 57.1 %

of stations, whereas, three stations were classified as

depletion to minimal enrichment. Rize harbor and coast of

Rize is contaminated by Cu, Pb, Zn, As, and Cd as showed

by enrichment factor greater than 2 (Table 3). Enrichment

factor of Ni, and Hg, were classified as depletion to minimal

enrichment at 100 % stations, suggesting that Ni and Hg

contamination are not a problem these days. Enrichment

factor values tended to be greatest in R1 station. Copper and

zinc mines, belonging Inmet Mining Corporation Çayeli/

Rize, are transported to other countries from this harbor.

Therefore, waste waters of the harbor can be a high amount

of metals. Hence, It can be said that high amount of con-

tamination caused by waste water around Rize harbor.

Factor analysis used varimax with Kaiser Normalization

rotation method was performed on Rize harbor and coast of

Rize surface sediment using analyzed elements to identify

the major sources of metals in study area. In this analysis,

two components were extracted which explained about

86.4 % of the total variance, with the first component

accounting for 59.0 %, second component for 27.4 %. The

first component includes Cu, Zn, Pb, As, Cd, and Hg. All

the elements in first component may represent anthropo-

genic sources, because of waste waters of mining have a

high amount of metals (Berkun 2005). First factor’s ele-

ments (Cd, Pb, and Zn) have been associated with motor

vehicle emissions (Huang et al. 1994). Moreover, Cu, Pb,

Zn are probably associated discharge of sewage, industrial

inputs, and surface runoff in the urban environment (Tang

et al. 2008). The second component, including Ni and Al

may represent natural sources of the sediments because,

these elements (Ni, and Al) are most often found in crustal

components (Salomons and Förstner 1984).

In order to determine the possible associations between

metals, Pearson correlation was performed among metals

concentrations in sediments of study area. The elements

having high degrees of correlations (0.80 B r B 0.99) were

Cu, Pb, Cd, Zn, and Hg which indicates that they have

similar anthropogenic sources. Nickel and Al may be the

same potential contamination source and the correlation

coefficient is 0.764.

In this study, metal values in sediments were evaluated

by comparing to numerical SQGs which is known the effect

range low (ERL) and effect range median (ERM), the

threshold effect level (TEL) and probable effect level (PEL)

values (Long et al. 1998; Long et al. 1995). Low-range

values (i.e., ERLs or TELs) are concentrations less than

which adverse effects upon sediment dwelling fauna would

not be expected. In contrast, the ERMs and PELs represent

chemical concentrations above which adverse effects are

likely to occur (Long et al. 1998). The incidence of toxicity

was determined among samples in which none of the sub-

stances equaled or exceeded the ERL concentrations, in

which one or increasing numbers of substances exceeded

ERL concentrations, but none exceeded any ERM; and in

which one or increasing numbers of substances exceeded

ERM concentrations (Pekey et al. 2004; Zheng et al. 2008).

The same approach was used to evaluate the predictive

ability of the TELs/PELs (Long et al. 1998). The U.S.

National Oceanic and Atmospheric Administration

(NOAA) guidelines provide two values for each chemical,

classifying the sediment either rarely (\ERL), occasionally

(CERL and\ERM) or frequently (CERM) associated with

adverse biological effects (Christophoridis et al. 2009).

Mercury concentrations in all stations were below TEL

values, while Cu in sediments was above TEL at 100 %

stations (Table 4). Copper was above PEL value at R1 sta-

tions. Concentrations of Zn was below TEL value at 28.6 %

of stations, while Zn was above TEL value at 5 stations and

also Zn was above PEL value at R1 station (Table 4).

Cadmium and Pb concentrations were above TEL value at

R1 station, while Cd and Pb were below TEL value at the

other stations. Concentrations of As and Ni were below TEL

value at 42.9 % stations, the elements concentrations were

above TEL value at 4 stations (Table 4).

The SQGs values for metals and a classification of

sediments based on these guidelines are shown (Table 4).

According to SQG, the results of sediments were classified

that Hg, Pb, and Ni in sediments would rarely be expected

to cause adverse effects on biota. Seventy-one percent,

57.1 %, 42.9 %, 14.3 % of sediments would be expected to

occasionally be associated with the toxic adverse effects on

aquatic organism because of Cu, Zn, As, and Cd. Only a

Table 3 Enrichment factor of sediment around Rize harbor

Stations Cu Zn Pb As Cd Hg Ni

R1 16.65 10.82 4.43 2.54 12.53 0.47 0.64

R2 5.66 4.67 3.50 1.53 3.10 0.39 0.68

R3 11.09 8.70 4.88 2.01 1.78 0.13 1.38

R4 5.01 6.77 4.34 2.06 3.83 0.19 0.96

R5 3.95 4.63 3.31 2.13 3.84 0.29 0.65

R6 4.08 3.21 3.18 1.70 1.81 0.14 0.64

R7 2.31 2.65 2.44 1.98 1.02 0.23 0.59
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small percentage (14.3 %) of sediments would be expected

to frequently be associated with the toxic effect on biota

due to Cu concentration.

In addition, potential acute toxicity of contaminants in

sediment samples can be estimated as the sum of the toxic

units (
P

TUs), defined as the ratio of the determined con-

centration to PEL value (Pedersen et al. 1998). The sum of

toxic units levels for metals (Cu, Zn, Pb, Cd, As, Hg, and

Ni) in surface sediments of the sampling stations are given

in Fig. 2. Metal toxic units in sampling areas decrease in the

order R1 [ R3 [ R2 [ R5 [ R4 [ R6 [ R7. Copper and

Zn are the major contributor to toxicity (46.2 %–74 %).
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