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1. Training course on application of geographical information systems (GIS) for water basin characterization and pollution mapping.

Tutor: Edgars Vīksne

Trainees: 10 employees of the Institute of Aquatic Ecology, University of Latvia

Format: six seminars with practical training, 3 h long each

Course was subdivided in to two parts: the introductory lecture and demonstration for the broader group of trainees, and five more depth-in seminars of various GIS applications for 5 employees whose regular work potentially involves usage of GIS applications. Training course was based on software ArcView 3.3® (ESRI), Arc View Spatial Analyst 2.0a®, and Path Finder 2.9® (Trimble). All software packages used in this course were obtained within the cooperation program between US EPA and Latvian Environmental Ministry. 

Description of the course:

Seminar 1. (Introduction) General introduction with GIS applications. Layer and theme concept in ArcView environment. Opening and viewing the prepared project. Main components of an ArcWiev project. 

Seminar 2. ArcView view. Splitting of view into layers or themes. Visual layout of the themes. View properties and correct set-up of properties. ArcWiev extensions, their set-up, and downloading from the Internet. Creation of new project. Creation of new theme. Connecting the existing theme to a new one. Three data types available in theme creation: point, line, polygon. 

Seminar 3. ArcView tables. Concept of database in ArcView environment and data accumulation in tables. Creation of new database fields, data input, and editing. Importing the scanned image into a project and its re-drawing to obtain digital map using all three data types.  

Seminar 4. ArcView charts. Chart making of the existing of the existing data. Data representation in charts. Chart options and more successful applications. Continuation of training on digital map creation. 

Seminar 5. ArcView layouts. Options of printout templates. Preparation and formatting of print views. Supplementary attributes: printout title, legend forms, wind rose, scale ruler. Connecting of data features: points, lines and polygons to to  a database for further use for map detalization and data analysis. Data quarries: options for data selection and filtering. Translocation of ArcView results to a remote computer. Types of project files and their location. 

Seminar 6. ArcView scripts. Overview of script options. Introduction to usage of Spatial Analist 2.0a. Converting of point data into a grid. Grid calculations between various layers. Isoline plotting. Usage of Map calculator. Data importing from GPS  data logger.

2. Bottom dynamics of the Karaostas canal, Liepaja.

2.1. Introduction

Liepaja port authority presented several digitised bathymetric maps of Liepaja Karaostas canal during preparation for Fields team/IAE training course in Liepaja, September 2002. Preliminary acquaintance with these materials reviled substantial alternations of bottom topography within few recent years. It was decided to attempt to obtain quantitative information on bottom dynamics by use of GIS-based Fields site characterization tools. Such information would assist in selection of cost effective and properly timed strategy for environmental dredging in the canal. Also, the consequences of further delay of the dredging could be assessed and used as argument for decisions concerning prioritisation of actions.

2.2. Methods

Calculation is based on two bathymetric surveys executed by Liepaja Port Authority in November 1996 and September 2003. 

Spatial resolution of 2003 survey was considerably lover (1514 depth measurement points) compared to that of 1996 (7657 depth measurement points), moreover, contours incorporating measurement fields of both surveys slightly differ from each other. Therefore, the first task to prepare for grid calculation was to convert the point measurement results into two uniform grids. 

First the average smallest distance for all the data points of the 2002 was calculated using the FIELDS tools average cell size. The average distance came out to be about 7 meters. Then buffer around the new data was created using a 7-meter distance. The buffer extension downloadable from the ESRI web site was used for that purpose. In the next step, a query was performed where all 1996 data points intersecting the 7 meter buffer cells of the transformed 2002 data set were selected. These points were used to create a new modified shape file. 

There are some areas covered by the 2002 data where the 1996 data was not present. Therefore the buffering procedure had to be repeated once more in the reversed order: the new shape was buffered with 7m cells, intersecting 1996 data points found and another modified shape file created of the output.

Statistics of the two modified shape files are following:

	Statistic
	Modified 1996 survey shape file
	Modified 2002 survey shape file

	Number of points (n)
	1843
	1267

	Mean (m)
	8.64
	8.56

	Variance (m)
	4.31
	4.27


Finally both modified shape files were interpolated and converted into two 1*1 m grids (Fig. 2.1 and 2.2).

Then the older (1996) grid was subtracted from the younger one (2002) to obtain the grid representing bottom morphology dynamics in the Karaostas canal during 6 past years. 

2.3. Results

Bathymetry variation chart is presented in Fig. 2.3.  Summary statistics of 32 depth variation classes used in calculation reveal nearly normal (Table 2.2, Fig 2.5), but slightly right-shifted frequency distribution. The majority of grid cells (1 m2 each) fall into depth variation interval between -0.2m and +0.2m. The depth variation within this interval may be assessed as insignificant and is usually neglected in volume calculations as it may result from data interpolation errors (average between the actual data points used was around 7 m) and depth measurement mistakes (B.Cooper, pers communication). In total, the area of such insignificant depth variation covers  

322 524 m2 (40.2% of the total harbour area). 

The elevated frequency of depth variation data in classes -1.0 – -1.5, -1.5 – -2.0, and -2.0 – -3.0 m, most probably, reveals the consequences of the dredging activities in the harbour. Similarly, the frequency distribution anomaly in depth variation range from +1.0 to +2.0 m, apparently, witnesses deliberate dumping events that happened in the harbour during the time between two bathymetric surveys. 

Areas with the most pronounced silting are those located between the middle section of the canal and the bridge, closer to the north coast; eastern coast of the northern bifurcation of the canal, and area adjoining the bended coast at the entrance of northern bifurcation; also the vicinity of the new-built pile-wall in the eastern end of the canal. Remarkably, silting is also seen in the outer part of the canal westward of the bridge. This might be associated with the sand transportation along the coast as well as with dredging activities that apparently took place near the pier of Diving training centre.

Generally, the area where depth has decreased during the 6 past years covers 357 273 m2  (44.5% of the harbour aquatory), when –0.2 - +0.2 m classes are excluded, while the zone with increased depth is only 122 269 m2  (15.3% of the harbour aquatory). 

For purpose of sediment volume dynamics assessment, the whole investigated area was divided into 10 segments: Polygon 1 to Polygon 10, fig. 2.5. Bottom areas and calculation of sediment volume changes in these segments are given in table 2.2. Total accumulation of sediments with the investigated area appeared to be more than 140 000 cubic metres, corresponding to the rate of approximately 23 407 m3 /y. The fastest accumulation of sediments has been observed in polygons 8, 5, and 7.    

Table 2.1. Sediment accumulation in various segments of the Karaostas canal, Liepaja.

	Harbour segment
	Area (m2)
	Sediment volume change (m3)
	% of total
	Sed. accumulation rate (m3/y)
	Average silting rate (mm/y)

	Polygon 1
	122274
	9492
	6.8
	1582
	13

	Polygon 2
	79428
	6345
	4.5
	1057
	13

	Polygon 3
	831271
	3717
	2.6
	619
	1

	Polygon 4
	85305
	1618
	1.2
	269
	3

	Polygon 5
	104409
	22493
	16.0
	3748
	36

	Polygon 6
	96954
	12575
	9.0
	2095
	22

	Polygon 7
	80967
	20946
	14.9
	3491
	43

	Polygon 8
	95809
	27043
	19.3
	4507
	47

	Polygon 9
	76080
	20302
	14.5
	3383
	44

	Polygon 10
	77584
	15913
	11.3
	2652
	34

	Total
	1650081
	140444
	
	23407
	


Table 2.2. Distribution of areas with various depth variation ranges and bottom sediment volume dynamics in Karaostas canal, Liepaja, Latvia, 1996 – 2002. Zone of neglectable depth variation is shaded grey. 

	Depth variation class (m)
	Area (m2)
	% of  total area
	Medium depth variation within a class (m)
	Bottom sediment volume change within a class

	-7 - -6
	178
	0.0222
	-6.5
	-1157

	-6 - -5
	234
	0.0292
	-5.5
	-1287

	-5 - -4
	613
	0.0764
	-4.5
	-2758.5

	-4 - -3
	1726
	0.2152
	-3.5
	-6041

	-3 - -2
	5723
	0.7135
	-2.5
	-14307.5

	-2 - -1.5
	7543
	0.9405
	-1.75
	-13200.3

	-1.5 - -1
	16010
	1.9961
	-1.25
	-20012.5

	-1 - -0.9
	4777
	0.5956
	-0.95
	-4538.15

	-0.9 - -0.8
	6087
	0.7589
	-0.85
	-5173.95

	-0.8 - -0.7
	7267
	0.9060
	-0.75
	-5450.25

	-0.7 - -0.6
	8616
	1.0742
	-0.65
	-5600.4

	-0.6 - -0.5
	10604
	1.3221
	-0.55
	-5832.2

	-0.5 - -0.4
	13006
	1.6216
	-0.45
	-5852.7

	-0.4 - -0.3
	16157
	2.0144
	-0.35
	-5654.95

	-0.3 - -0.2
	23724
	2.9579
	-0.25
	-5931

	-0.2 - -0.1
	37562
	4.6832
	-0.15
	-5634.3

	-0.1 - 0
	61955
	7.7245
	-0.05
	-3097.75

	0 - 0.1
	108579
	13.5375
	0.05
	5428.95

	0.1 - 0.2
	114428
	14.2667
	0.15
	17164.2

	0.2 - 0.3
	87669
	10.9305
	0.25
	21917.25

	0.3 - 0.4
	64503
	8.0421
	0.35
	22576.05

	0.4 - 0.5
	47219
	5.8872
	0.45
	21248.55

	0.5 - 0.6
	32769
	4.0856
	0.55
	18022.95

	0.6 - 0.7
	25651
	3.1981
	0.65
	16673.15

	0.7 - 0.8
	20213
	2.5201
	0.75
	15159.75

	0.8 - 0.9
	15712
	1.9590
	0.85
	13355.2

	0.9 - 1
	12510
	1.5597
	0.95
	11884.5

	1 - 1.5
	35551
	4.4325
	1.25
	44438.75

	1.5 - 2
	10003
	1.2472
	1.75
	17505.25

	2 - 3
	4468
	0.5571
	2.5
	11170

	3 - 4
	802
	0.1000
	3.5
	2807

	4 - 5
	203
	0.0253
	4.5
	913.5


3. Analyses of total petroleum hydrocarbon (TPH) and PCB concentrations in harbour sediments.

3.1. Methods


Sampling sites.

In the beginning of harbour contamination study (April, 1999), fourteen sampling sites (T1 to T14) have been distributed evenly throughout the length of the straight part of the Karaostas canal and its northern branch. In these sites the bottom sediments were sampled and water column parameters measured during two sampling events of 1999. Later, due to little variation found between some neighbouring sites the station network was thinned, leaving 8 sampling sites. Sampling site T11 located in the eastern end of the harbour was excluded from the sampling program when after construction of the pile-wall this part was separated from the rest of harbour to create a dredge-spoil for the eventual remediation dredging. 

During the sampling events of 1999 – 2002 the exact location of the sampling sites was found by use of visual reconnection using 2-3 photographs taken in different directions from each of the sampling points. Due to short distance to land and abundance of characteristic landmarks like buildings, trees etc., this method was found to be enough accurate to return to the original sampling points with just 2-3 m error. 

After completion of the sampling program, d-GPS instrument Trimble® model TSC1 was made available due to the research group thanks to cooperation program between US EPA and Latvian Environmental Protection ministry. This enabled precision reading of coordinates of the sampling points previously used in the survey. 

Geographic coordinates of the sampling points are given below in the table 3.1. 

Table 3.1. Geographic coordinates of the sampling sites in Karaostas canal, Liepaja Latvia.   

	Sampling site
	Latitude
	Longitude

	T1
	56032’48.09627”
	20059’45.70112”

	T2
	56032’46.72545”
	21000’07.30610”

	T3
	56032’46.36327”
	21000’23.26146”

	T4
	56032’43.42245”
	21000’41.56888”

	T5
	56032’40.34090”
	21001’08.71654”

	T6
	56032’33.48370”
	21001’29.84629”

	T7
	56032’33.08222”
	21001’48.67796”

	T8
	56032’35.86082”
	21001’57.59888“

	T9
	56032’34.22008”
	21002’13.83660”

	T10
	56032’31.77489”
	21002’41.19691”

	T12
	56032’38.55579”
	21002’12.07678”

	T13
	56032’51.25031”
	21002’14.58884”

	T14
	56033’00.96559”
	21002’17.26347”



Sediment sampling, transportation and storage.

Bottom sediments in the Liepaja harbour Karaostas canal were taken by two methods. Integrated sediments (approx 0 – 10 cm) were collected by Petersen grab. To obtain each individual sample, at least 3 individual grabs were taken, collected mud was carefully mixed in a plastic bowl and sub-sampled into a 1000 ml plastic jar. 

For investigation of vertical distribution of pollutants in sediments samples were taken by Kayak corer equipped with 70 mm polycarbonate tube. Depth of the core taken by this tool was typically about 20 – 30 cm long depending of the physical properties of the material. The cores recovered by miens of the special piston pusher were sliced and typically 20 mm thick slices were put into plastic beakers. 

Samples were delivered to laboratory in a cooler and subsequently stored in a freezer at temperature of -20°C. Before the extraction deep-frozen sediment samples were dried in the freeze drier. 


Measurement of total petroleum hydrocarbons (TPH).

Gas chromatographic method T-196-Chr-GF_TPH was used. Alkenes were extracted from the sample by methilenechloride by a combined method: shaking + sonication. Analytic characteristics of the procedure were following:

Columns: 30m x 0.53 mmquartz capillary column with 0.25-0.50 mm thickness of the immobile phase;

Flow rate of the carrier (He): 0.8 ml/min;

Temperature program:

Start temperature - 50°C

50°C - 270°C - 10°C/min,

270°C - 300°C - 3°C/min

End temperature - 300°C – 10 min.

Injector and detector temperature - 300°C

Flame ionisation detector (FID) was used for in this analysis.

Concentrations 15 alkenes (C9, C10, C12, C14, C16, C18, C20, C22, C24, C26, C28, C30, C32, C34, C36) were determined by comparison with chromatogrammes of the standard substances. Concentrations of all 15 alkenes were summed up to get the TPH concentration.

Measurement of polychlorinated biphenyls.

Samples were extracted with acetone/n-hexane mixture. Extract was purified by di-extracting in NaCl water solution, dried with Na2SO4, and vaporized in N-flow. Concentrated extract is cleaned from other organics by concentrated H2SO4 , neutralized in water solution of NaHCO3 , and repeatedly dried with Na2SO4 . The analysed substances are separated at GC gradient regime in DB-5 capillary column. Carrier is He and the detecting device – ion-trap type MS. 

Results are calculated according to proportion of analysed substances to the closest internal standard. PCB-155 and PCB-29 have been added as internal standards before extraction. This method is suitable for detection of the most important PCBs: PCB-28, PCB-52, PCB- 101, PCB-118, PCB-138, PCB-153, and PCB-180. 

3.2. Results

The summary of the analytic results is presented in table 3.3. and MS Excel file Analitics.xls. 

Table 3.3 Total petroleum hydrocarbons and polychlorinated biphenyls in Liepaja Karaostas canal sediments. Analytical results.

	Sampling date
	Sediment layer
	Samlping site
	TPH(ppm dry w.)
	TPH stdev
	STD(%)
	PCB-28(ppm dry w.)
	PCB-52(ppm dry w.)
	PCB-101(ppm dry w.)
	PCB-118(ppm dry w.)
	PCB-138(ppm dry w.)
	PCB-153(ppm dry w.)
	PCB-180(ppm dry w.)

	10.04.1999
	16-18
	C-7*
	3206
	283
	9
	
	
	
	
	
	
	

	10.04.1999
	0-2
	C-7
	2577
	448
	17
	
	
	
	
	
	
	

	10.04.1999
	12-14
	C-7
	2708
	181
	7
	0.000
	0.022
	0.038
	0.028
	0.017
	0.017
	0.012

	10.04.1999
	08-10
	C-7
	2887
	279
	10
	0.000
	0.000
	0.038
	0.026
	0.033
	0.050
	0.000

	10.04.1999
	04-06
	C-7
	1974
	94
	5
	0.015
	0.000
	0.037
	0.035
	0.027
	0.030
	0.013

	15.08.2002
	0-2
	LE*
	114
	0
	0
	0.005
	0.006
	0.005
	0.006
	0.005
	0.008
	0.004

	15.08.2002
	03-04
	LE
	223
	1
	0
	0.015
	0.000
	0.000
	0.000
	0.002
	0.000
	0.000

	15.08.2002
	05-06
	LE
	322
	1
	0
	0.000
	0.004
	0.000
	0.000
	0.000
	0.000
	0.000

	15.08.2002
	07-08
	LE
	1
	0
	1
	0.000
	0.000
	0.008
	0.007
	0.008
	0.000
	0.005

	15.08.2002
	09-10
	LE
	214
	0
	0
	0.000
	0.000
	0.005
	0.006
	0.005
	0.000
	0.000

	15.08.2002
	11-12
	LE
	102
	1
	1
	0.000
	0.000
	0.475
	0.033
	0.028
	0.010
	0.023

	15.08.2002
	13-14
	LE
	121
	0
	0
	0.022
	0.068
	0.816
	0.968
	0.883
	0.864
	0.475

	10.04.1999
	04-06
	T-01
	771
	62
	8
	0.000
	0.000
	0.004
	0.002
	0.002
	0.000
	0.000

	10.04.1999
	08-10
	T-01
	509
	54
	11
	0.000
	0.009
	0.000
	0.000
	0.000
	0.000
	0.000

	10.04.1999
	0-02
	T-01
	509
	31
	6
	0.005
	0.026
	0.055
	0.024
	0.013
	0.018
	0.000

	10.04.1999
	12-14
	T-03
	1466
	77
	5
	0.018
	0.022
	0.021
	0.019
	0.014
	0.016
	0.012

	10.04.1999
	08-19
	T-03
	2187
	56
	3
	0.000
	0.048
	0.043
	0.049
	0.040
	0.038
	0.019

	10.04.1999
	04-06
	T-03
	1870
	445
	24
	0.041
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	10.04.1999
	0-02
	T-03
	1470
	551
	38
	0.000
	0.000
	0.156
	0.134
	0.087
	0.076
	0.026

	18.07.2000
	grab
	T-05
	4268
	255
	6
	0.031
	0.031
	0.374
	0.372
	0.403
	0.511
	0.086

	18.07.2000
	grab
	T-05
	3699
	725
	20
	0.000
	0.000
	0.060
	0.057
	0.074
	0.090
	0.041

	18.07.2000
	grab
	T-05
	4478
	289
	6
	0.122
	0.079
	0.143
	0.407
	0.147
	0.700
	0.040

	Sampling date
	Sediment layer
	Samlping site
	TPH(ppm dry w.)
	TPH stdev
	STD(%)
	PCB-28(ppm dry w.)
	PCB-52(ppm dry w.)
	PCB-101(ppm dry w.)
	PCB-118(ppm dry w.)
	PCB-138(ppm dry w.)
	PCB-153(ppm dry w.)
	PCB-180(ppm dry w.)

	15.08.2002
	grab
	T-05
	2921
	340
	12
	0.000
	0.000
	0.081
	0.102
	0.086
	0.267
	0.053

	15.08.2002
	grab
	T-05
	3649
	265
	7
	0.000
	0.020
	0.042
	0.052
	0.063
	0.073
	0.024

	15.08.2002
	grab
	T-05
	2849
	339
	12
	0.014
	0.017
	0.058
	0.069
	0.066
	0.085
	0.032

	10.04.2000
	grab
	T-05
	3621
	107
	3
	0.000
	0.043
	0.119
	0.104
	0.071
	0.100
	0.026

	10.04.2000
	grab
	T-05
	2979
	108
	4
	0.000
	0.000
	0.073
	0.083
	0.085
	0.107
	0.027

	10.04.2000
	grab
	T-05
	2083
	113
	5
	0.000
	0.019
	0.054
	0.073
	0.066
	0.083
	0.018

	10.04.2000
	grab
	T-05
	2870
	108
	4
	0.026
	0.175
	1.556
	1.542
	1.208
	1.426
	0.450

	10.06.2000
	grab
	T-05
	1726
	173
	10
	0.017
	0.036
	0.285
	0.311
	0.430
	0.470
	0.208

	10.06.2000
	grab
	T-05
	1430
	110
	8
	0.040
	0.037
	0.097
	0.074
	0.051
	0.069
	0.012

	10.06.2000
	grab
	T-05
	1889
	177
	9
	0.006
	0.010
	0.037
	0.042
	0.053
	0.058
	0.017

	19.10.2000
	grab
	T-05
	3551
	374
	11
	0.016
	0.000
	0.046
	0.050
	0.048
	0.075
	0.025

	19.10.2000
	grab
	T-05
	2185
	266
	12
	0.000
	0.000
	0.017
	0.031
	0.029
	0.037
	0.021

	19.10.2000
	grab
	T-05
	3487
	194
	6
	0.000
	0.016
	0.033
	0.033
	0.040
	0.052
	0.012

	09.05.2001
	grab
	T-05
	2043
	198
	10
	0.000
	0.000
	0.043
	0.051
	0.071
	0.095
	0.033

	09.05.2001
	grab
	T-05
	2880
	376
	13
	0.000
	0.000
	0.039
	0.060
	0.058
	0.069
	0.026

	09.05.2001
	grab
	T-05
	4374
	322
	7
	0.000
	0.000
	0.039
	0.036
	0.052
	0.057
	0.041

	10.04.1999
	16-18
	T-07
	11025
	1140
	10
	0.015
	0.111
	0.867
	0.039
	0.529
	0.688
	0.069

	10.04.1999
	04-06
	T-07
	8733
	552
	6
	0.017
	0.035
	0.167
	0.511
	0.178
	0.552
	0.081

	10.04.1999
	08-10
	T-07
	10828
	757
	7
	0.028
	0.070
	0.613
	0.750
	0.472
	0.625
	0.061

	10.04.1999
	12-14
	T-07
	10672
	314
	3
	0.064
	0.051
	0.213
	0.161
	0.086
	0.134
	0.027

	10.04.1999
	0-02
	T-07
	4703
	303
	6
	
	
	
	
	
	
	

	10.04.1999
	04-06
	T-08
	6030
	340
	6
	
	
	
	
	
	
	

	10.04.1999
	08-10
	T-08
	8934
	1013
	11
	0.011
	0.036
	0.064
	0.081
	0.047
	0.080
	0.014

	10.04.1999
	12-14
	T-08
	4467
	365
	8
	2.685
	0.259
	2.297
	2.099
	1.185
	1.753
	0.144

	10.04.1999
	0-2
	T-08
	5269
	29
	1
	0.022
	0.058
	0.605
	0.584
	0.151
	0.434
	0.045

	10.04.1999
	16-18
	T-08
	7905
	301
	4
	0.813
	0.279
	2.113
	2.407
	1.343
	2.027
	0.295

	Sampling date
	Sediment layer
	Samlping site
	TPH(ppm dry w.)
	TPH stdev
	STD(%)
	PCB-28(ppm dry w.)
	PCB-52(ppm dry w.)
	PCB-101(ppm dry w.)
	PCB-118(ppm dry w.)
	PCB-138(ppm dry w.)
	PCB-153(ppm dry w.)
	PCB-180(ppm dry w.)

	10.04.1999
	16-18
	T-09
	3969
	201
	5
	0.034
	0.085
	0.813
	0.956
	0.493
	0.732
	0.083

	10.04.1999
	12-14
	T-09
	4826
	465
	10
	0.012
	0.056
	0.674
	0.896
	0.548
	0.715
	0.086

	10.04.1999
	08-10
	T-09
	6505
	1122
	17
	0.000
	0.093
	0.827
	1.625
	0.627
	0.763
	0.057

	10.04.1999
	02-06
	T-09
	5515
	276
	5
	0.007
	0.046
	0.150
	0.315
	0.085
	0.117
	0.021

	10.04.1999
	0-2
	T-09
	7522
	752
	10
	0.000
	0.074
	0.188
	0.129
	0.094
	0.118
	0.024

	10.04.1999
	12-14
	T-11
	8509
	124
	1
	0.000
	0.043
	0.910
	1.575
	1.315
	1.452
	0.763

	10.04.1999
	08-10
	T-11
	15199
	468
	3
	0.149
	3.390
	16.005
	18.504
	10.941
	15.701
	3.990

	10.04.1999
	16-18
	T-11
	7305
	722
	10
	0.027
	0.085
	1.422
	3.028
	2.623
	3.380
	1.675

	10.04.1999
	0-2
	T-11
	7827
	594
	8
	0.000
	0.054
	0.124
	0.131
	0.079
	0.124
	0.025

	10.04.1999
	04-06
	T-11
	5447
	500
	9
	0.000
	0.068
	0.091
	0.114
	0.078
	0.111
	0.030

	18.07.2000
	grab
	T-14
	16874
	1149
	7
	0.021
	0.176
	1.432
	1.443
	1.234
	1.344
	0.684

	18.07.2000
	grab
	T-14
	11511
	752
	7
	0.014
	0.074
	0.000
	0.605
	0.820
	0.541
	0.487

	18.07.2000
	grab
	T-14
	26978
	1061
	4
	0.022
	0.138
	1.489
	1.254
	1.482
	0.919
	0.000

	15.08.2002
	grab
	T-14
	9078
	410
	5
	0.023
	0.246
	3.320
	3.505
	2.421
	2.720
	0.730

	15.08.2002
	grab
	T-14
	9597
	885
	9
	0.172
	0.270
	2.812
	3.094
	2.533
	2.649
	1.127

	15.08.2002
	grab
	T-14
	12588
	1259
	10
	0.040
	0.217
	2.128
	2.046
	5.100
	2.446
	2.473

	10.04.1999
	08-10
	T-14
	13127
	462
	4
	0.017
	0.012
	1.024
	0.708
	0.702
	0.886
	0.127

	10.04.1999
	12-14
	T-14
	21036
	1531
	7
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	10.04.1999
	16-18
	T-14
	23358
	2004
	9
	0.031
	0.091
	0.911
	0.982
	0.668
	0.777
	0.223

	10.04.1999
	0-2
	T-14
	4711
	725
	15
	1.355
	0.233
	2.427
	4.050
	4.643
	5.663
	2.243

	10.04.1999
	02-06
	T-14
	14169
	479
	3
	0.389
	0.253
	2.618
	2.817
	2.164
	2.290
	0.873

	10.04.2000
	grab
	T-14
	11548
	355
	3
	0.040
	0.129
	0.863
	0.820
	0.666
	0.685
	0.320

	10.04.2000
	grab
	T-14
	12732
	757
	6
	0.017
	0.205
	2.355
	2.068
	3.599
	2.794
	3.851

	10.04.2000
	grab
	T-14
	16593
	796
	5
	0.046
	0.241
	2.568
	2.278
	3.488
	3.029
	3.078

	10.04.2000
	grab
	T-14
	16353
	3172
	19
	0.028
	0.125
	1.137
	1.215
	0.883
	1.014
	0.325

	10.04.2000
	grab
	T-14
	13632
	1851
	14
	
	
	
	
	
	
	

	Sampling date
	Sediment layer
	Samlping site
	TPH(ppm dry w.)
	TPH stdev
	STD(%)
	PCB-28(ppm dry w.)
	PCB-52(ppm dry w.)
	PCB-101(ppm dry w.)
	PCB-118(ppm dry w.)
	PCB-138(ppm dry w.)
	PCB-153(ppm dry w.)
	PCB-180(ppm dry w.)

	10.04.2000
	grab
	T-14
	13949
	400
	3
	0.034
	0.170
	1.370
	1.456
	1.720
	1.613
	1.038

	10.06.2000
	grab
	T-14
	22226
	3436
	15
	0.045
	0.126
	1.305
	1.129
	0.995
	1.153
	0.480

	10.06.2000
	grab
	T-14
	18595
	957
	5
	0.021
	0.082
	1.010
	1.069
	1.107
	1.014
	0.724

	10.06.2000
	grab
	T-14
	32522
	1006
	3
	0.055
	0.162
	1.727
	1.749
	1.357
	1.470
	0.524

	10.06.2000
	grab
	T-14
	23217
	1849
	8
	0.071
	0.195
	2.091
	2.067
	1.677
	1.869
	0.747

	10.06.2000
	grab
	T-14
	23766
	1901
	8
	0.035
	0.117
	1.237
	1.370
	1.083
	0.851
	0.535

	10.06.2000
	grab
	T-14
	22505
	2149
	10
	0.057
	0.255
	2.346
	2.370
	1.764
	2.047
	0.876

	19.10.2000
	grab
	T-14
	27171
	252
	1
	0.037
	0.125
	1.150
	1.158
	0.860
	0.963
	0.377

	19.10.2000
	grab
	T-14
	17480
	588
	3
	0.040
	0.148
	1.556
	1.591
	1.445
	1.472
	0.739

	19.10.2000
	grab
	T-14
	17946
	2524
	14
	0.040
	1.051
	4.816
	4.567
	3.388
	4.406
	1.113

	09.05.2001
	grab
	T-14
	7132
	535
	8
	0.020
	0.151
	0.056
	1.040
	1.355
	0.992
	0.000

	09.05.2001
	grab
	T-14
	9282
	410
	4
	0.022
	0.107
	0.921
	0.862
	0.629
	0.683
	0.228

	09.05.2001
	grab
	T-14
	14775
	405
	3
	0.024
	0.128
	1.213
	1.088
	1.126
	1.066
	0.635


* Sampling sites C-7 and LE correspond to the two reference sites used in this study: Liepaja commercial harbour and Liepaja lake, respectively. 

4. Levels of polychlorinated biphenyls (PCBs) and total petroleum hydrocarbons (TPH) in Karaostas canal bottom sediments.

4.1. Spatial distribution of PCB levels.


Horizontal distribution.

Horizontal distribution of PCB levels in sediments was analysed according to data obtained during April, 1999 sampling event. Survey includes data from 7 sampling sites. Mean concentrations (ppm in dry sediments) ware calculated as arithmetic averages of several evenly distributed sediment layers (Table 3.3.). The depths of profiles included into this calculation are:

T-1 – 0-10 cm;

T-3 – 0-19 cm;

T7 – 0-18 cm;

T8 – 0-14 cm;

T9 – 0-18 cm;

T11 – 0-14 cm;

T14 – 0-18 cm.

The highest summary level of seven most important PCBs (PCB-28, PCB-52, PCB-101, PCB-118, PCB-138, PCB-153, and PCB-180) was identified at a sampling site T-11 that lies in the foremost eastern end of the canal (fig.4.1). Recently, this part of the aquatory has been isolated from the rest of harbour by a pile-wall to construct a dredge-spoil for contaminated sediments. The mean summary concentration of PCBs in the upper 14 cm of sediments at this site reached 17.6 ppm dry w.. Sampling site located near the end of the northern bifurcation of the canal, as wall as the site near the northward bending of the coastline also indicated extremely high levels of PCBs contamination: 7.8 and 5.5 ppm in dry sediment, accordingly. Data from the other sites reveal a decreasing gradient from the inner part of the canal in direction of the outlet to open harbour. The minimal levels of PCB contamination found near the outlet and in the vicinity of the bridge are 0.053 and 0.220 ppm, accordingly. Such a distribution pattern witnesses the importance of the PCB contamination sources located in the inner part of the canal. 

Distribution pattern found for the sum of seven PCBs is repeated for each of individually analysed congeners with slightly alternating proportions (figs.4.2 – 4.8). Remarkably, the sites located near the bifurcation of the canal branches, display somewhat lower level of PCB contamination compared to the neighbouring sites. This could be explained by the intensive traffic and ship manoeuvring in this area leading to an increased bottom re-suspension with subsequent redistribution of the contamination.

Comparison with the other sites.

Data obtained from the other relatively un-contaminated sites in Liepaja harbour aquatory were used as reference in this study. With this purpose samples from the commercial harbour (location in the Winter harbour, C7), and the Liepaja lake (location near the outlet to the City canal, LE) were taken in April 1999 and August 2002, accordingly. Mean PCB concentration found in 0-18 cm layer of the commercial harbour sediments corresponds to 0.146 ppm dry w., and that of upper 12 cm of the Liepaja lake sediments  – to 0.112 ppm dry weight. It is important to underscore here, that the sample taken from 13 –14 cm deep layer of the lake sediments revealed unexpectedly high levels of all analysed PCBs resulting in summary concentration of 4.097 ppm dry w. This might be potentially explained by the presence of historic contamination that originated from the Liepaja steel factory in the past. Liepaja lake serves as a recipient of the effluents from this factory.

According to our findings, the summary PCB levels in the most contaminated parts of the Liepaja Karaostas canal (sites T-8, T-11 and T-14) are 140 – 40 times higher if compared with reference background levels in the same area.

Comparison with the data from other areas in Latvia and elsewhere.

As seen from the table 4.1. PCB concentrations measured during this study in Karaostas canal, Liepaja, Latvia are comparable to the highest levels found in aquatic sediments worldwide. These concentrations are far beyond the limits of levels found previously in relatively clean and contaminated sections of Daugava river. 

Table.4.1. Characteristic PCB values for aquatic sediments.

	Site
	PCBs (ppb)*
	Source

	Liepaja Karaostas canal
	
	

	T-11
	17602
	this study

	T-14
	7835
	this study

	T-3
	220
	this study

	outer part
	53
	this study

	River DAUGAVA, Latvia
	
	

	upstream Kraslava town
	<MDL**
	Latvian EPA

	4km downstream Davgavpils 1m from bank
	11.4
	Latvian EPA

	4km downstream Davgavpils 30m from bank
	<MDL
	Latvian EPA

	upstream Jekabpils town, left bank
	<MDL
	Latvian EPA

	upstream Jekabpils town, right bank
	13.2
	Latvian EPA

	Sarkandaugava, Riga (11.5m depth)
	67.5
	Latvian EPA

	Voleri, Riga (10.0m depth)
	37.7
	Latvian EPA

	Near MEPB (9.8m depth)
	<100***
	Latvian EPA

	Near refrigerator at Spilve (14.6m depth)
	32.4
	Latvian EPA

	Other sites
	
	

	Arctic sediments
	2
	UNEP, 2002

	Western Mediterranean basin
	229
	UNEP, 2002

	Rhone and Ebro rivers
	43
	UNEP, 2002

	Rhone and Ebro rivers in deep basin
	2-6
	UNEP, 2002

	Kuwait
	0.050-24.50
	UNEP, 2002

	Saudi Arabia
	0.0078-0.190
	UNEP, 2002

	Qatar
	0.02
	UNEP, 2002

	UEA
	0.013-0.130
	UNEP, 2002

	Oman
	9-139
	UNEP, 2002

	India river Ganges
	0.0044
	UNEP, 2002

	Australia marine sediments
	1300
	UNEP, 2002

	Winter Quarter Bay, Antarctic Peninsula
	250-4300
	UNEP, 2002

	Arctic sediments
	2-40
	UNEP, 2002

	S America, Argeb\ntina, Rio Santiago
	998 
	UNEP, 2002

	Brasil
	580
	UNEP, 2002

	Sub-Saharan Africa region
	70-320
	UNEP, 2002


 * Latvian data measured by USA EPA 8082 and ISO 6468-1996 methods and presented as sum of 7 PCB congeners

** Detection limit is 1 ppb for each substance.

*** Extremely high content of sulphur.  


Vertical distribution.

Vertical distribution of PCB contamination is analysed according to data from the sampling site T-14, one of the most contaminated sites in the inner part of the northern bifurcation of the canal.  Vertical profiles for 7 individual PCB congeners are given in figures 4.19. – 4.25.. the highest concentrations are always bound to 0-6 upper centimetres of sediment. Concentrations found in the deeper sediment layers (8-10, and 16-18 cm beneath sediment surface are usually several times lower compared to the upper sediment strata. 

Surprisingly, the PCB contamination in the deeper layers of the Lake Liepaja that was initially selected as a reference site, were found to be extraordinary high. The same pattern of vertical distribution repeating from one PCB congener to other, except for the most volatile PCB-28 (Figures 4.11.-4.17). Apparently, the lake has been severely contaminated with PCBs in the past. This source, likewise, ceased to be active at present.   

4.2. Temporal change of PCB contamination of the bottom sediments.

Two sampling sites (T-5 and T-14) within the Karaostas canal were re-sampled repeatedly to get the idea of the temporal change of sediment contamination. Sampling was executed on: 

April 10, 1999;

April 10, 2000;

June 10, 2000;

July 18, 2000,

October 19, 2000;

May 9, 2001;

August 15, 2002.

Time series of these results are represented in fig. 4.27. Error bars in this figure represent ±1 standard deviation of the 3 independent samples taken from the specific site during each of the sampling events. As seen in the figure, the intensive sampling performed in 2002 revealed some short-term variation in total PCB concentrations in the less contaminated site T-5. This might be a result of some kind of short-term events, probably, associated with the annual cycle and antropogenic impact. Otherwise, PCB concentration in sediments at this site has remained fairly stable throughout 4 years of investigation. 

Much more drastic temporal changes in PCB concentration are characteristic for the more contaminated site T-14. Apart of some seasonal fluctuation observed in 2000, obscured, however, by the scatter of the replicate data, the most remarkable feature of this time-series is nearly 3-times increase that took place between summer 2001 and summer 2002. Apparently, a new source of PCBs related, most probably, with the ship-salvaging operations that take place in this section of the harbour has been opened recently.

 4.3. Spatial distribution of TPH levels.

Horizontal distribution.

Distribution of depth-integrated levels of total petroleum hydrocarbons in the Karaostas canal is slightly different from that of PCBs. Although, the inner part still remains more contaminated compared to the vicinity of canal outlet, the extreme high levels of petroleum contamination are found in the northern bifurcation of the canal. In contrast, the sites located in vicinity of the former navy bunkering station (T-9, T-11), that is considered to be the most important petroleum pollution source, reveal concentrations that are nearly two times less if compared with T-14. As it will be described more in detail in the next chapter, the high TPH value found at T-14 results basically from the remaining historical contamination buried 16-18 cm below the present sediment/water interface.

In general, the TPH contamination levels found in the inner part of the canal are 5-10 times higher compared to those of the vicinity of the canal outlet and nearly 50 times higher compared to the neighbouring Liepaja lake. Remarkably, Liepaja commercial harbour (site C-7), that was also initially selected as a reference site for this study, reveals relatively high depth-averaged TPH concentration – 2670 ppm dry w., or just 3 times lower compared with the heavily contaminated inner part of Liepaja Karaostas canal. 


Vertical distribution. 

In contrary to PCB vertical distribution pattern, petroleum hydrocarbons increase remarkably with the depth of sediment layer (Fig. 4.18.). Concentration of total TPH in the upper 2 cm layer at sampling site T-14 is 3 times less compared to the 2-6 cm layer and 5 times lower compared with the deepest sediment layer included in this study: 16-18cm. Similar vertical distribution pattern of the TPH concentration has been also found at station T-7, whereas, at station T-8 petroleum hydrocarbons were found to be distributed relatively evenly throughout whole 18 cm thick sediment layer (Table 3.3). The apparent explanation could be that biodegradation of alkenes at the sediment surface is faster and newly sedimenting material, as well as, that, what is redislocated to the inner part of the canal by re-suspension is more diluted comparing with the sediments that accumulated in the past. At present it would be difficult to explain the relationship between elevated concentrations of PAHs that were found in the upper sediments and the nepheloid layer at sampling sites in the Karaostas canal during US ONR funded project (Coffin et.al., 2001). This pattern of PAH vertical distribution in combination with active PAH degradation measured in experiments and the pronounced annual cycle of PAH concentrations, allowed us to hypothesise of presence of still active petroleum contamination sources outside the canal. The results of the alkene measurements witness the predominating role of the historical contamination for those pollutants. 

 4.4. Temporal change of TPH contamination of the bottom sediments.
Data from the same sampling sites (T-5 and T-14) within the Karaostas canal were used to follow the temporal change of sediment contamination with total petroleum hydrocarbons. Sampling events used for data collection are the same as for PCBs.

Time series of these results are represented in fig. 4.26. Error bars in this figure represent ±1 standard deviation of the 3 independent samples taken from the specific site during each of the sampling events. As seen in the figure, the level of TPH in sediments of the less contaminated site T-5 remained relatively stable throughout the observation period. Variation of the summary concentration of the examined alkenes was within 1682 – 3139 ppm in dry sediment. 

For the more contaminated site T-15, some increase is seen between the sampling events of April 1999 and April 2000. This gradual increase is followed by more rapid growth of TPH contamination in sediments up to almost 2.5 times of the initial concentration. By spring of 2001 this additional amount of TPHs, likewise, vanished from the sediments, and contamination level subsequently remained stable at 10 000 ppm till the end of observation period. More detailed analysis of alkenes composition of total hydrocarbons, as well as comparison with other environmental parameters would be necessary to reveal the reasons of this pattern in contamination dynamics. 

It would be necessary to note also, that the area of site T-14 is characteristic with increased sediment accumulation rate (Section 2 of this report). Consequently, contamination dynamics recorded at this site might well result from sediment re-dislocation from the other parts of Karaostas canal, as well as contamination dilution and burial by newly sedimenting material. 
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