bp marine

Effects of Sea Water Scrubbing

Final report

Marc Hufnagl, Hasaarch Cantra Tarramare, Schkeusanstrassa 1, 26382 Wilhalmshawan, Garmany

Prof. Dr. Gerd Liebezeit, Hasaarch Gantra Tarramara, Schliausansirassa 1, 26382 Wilhalmshawan,
Garmany

Dir. Brigitte Behrends, Schoal of Marnna Scienca and Tachnalogy, Wnivarsity of Nawcasila,
Mawcastls upon Tyna, NE1 FRLU, UK

March 2005

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



Index

1 PROMJECT DESCRIPTION ... aaan

2 BTV AR coaarimrmmssssssnnas o sssis s a0 s a0 a0 st st

3 INTRODUCTION s

4  MATERIAL AND METHODS FOR PRELIMINARY TRIALS — wa B

4.1 FH-BURFER-CARACTTY CF HATURAL SEAWATER (A IX-TESTN oot et et e e e et s meree s

42

2 I L b Tl i 0 B T

4]

£ MATERIAL AND METHODS: DETERMINATION OF ENVIRONMENTAL PARAMETERS AND
POLLUTANTS ccvssssnmmmm - -

51 B ARPLING POB TS, Sl G, TR M S T A B T A o e e et e s ee e e e e e e e e e ee e e e e

.5:r.l.rn,|.r.|'a.lr.|.; dit .Fr.[r.l‘mr.l". enited M arch .
Serampding i ey, &fpi-'.l.rr.[u-'r enel "'u"ulw.m[?d-'r

Ll

[

e 1
.42

52 TEMPERATURE PEL SALBIITY, CIWGEB L. o oceeee oot et s e see s as et e e et e e s e s e s e s e e s e

53 B L It N I

54 POy o CLIE ARCBLATIC HY TR ARB S (A e et e et v et e

Cerlifererfden, elelermmineidonn r..'_,l":l.'r.urr:rr.' T s S S

.22

Exbrncbent..
Dra-r.l.rumrnu.lr r..-_,I'I.Frr r..-n.n;wr f..-_,I’F'AH-r

6 MATERIAL AND METHODS: TOXICITY TESTS AND ACCUMULATION TEST acvvsmmmn

G
6.2

T RESULTS OF PRELIMINARY TRIALS .

Prepecrertiont coned Perforimnice.. .. ———
Avterlvsis eniel exfine tlewt eof the .l.rurﬂ'r.l'\'

Jerete Bery, WillnelonsFrerie i, 08 FIIEIN oottt et et et s e e e e s e
Finex River, .F':rg.u-.lr.[?.lr.l‘ll.:'. {'.'r'rﬂn:r.lr'.

s
P
fia
LA
N
]

T2 L L R N I T

Cerkerix, Freme .
Dhever, .F.lr.l.:'.l'er.lm’

Conmpesrisint esf all £ ulfs {8 SguilBIINT] - oo

T3 PAH- EXTRACTION, WALTRATICN CHF RIETHIURE o o.ooocoee e et ee e e et e e e e e s e am et s s e e s en

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net

14

15

15

15

e

20



#  RESULTS AND DISCUSSION OF ENVIRONMENTAL SAMPLINGS LAl

100 o, Tf.l.rl,m-'ﬂrnrrr. B L T T T USRS |
&1.4 .F'u.l".'r. '.'f.Ilf. .-‘l.l‘r..'.l.rn:rm. H'.'tll.l‘l'..'l'.!r.l‘.[?l'..lr'r e e e e et et e e e s e et e e e e e et e e s e e e B

&2l P, Tewpe ranere, Secliidr, Comeinefi I, GV BE M oo e e ce e e e ee e cenm e o e e e e s semsnm e sneme SR
812 B T N T USSR . |
B4 Fu.l'w. Ve .Ilr. rirf..-.l.rurm. H-.'ﬂ'rf..v. :rr.[:ur-r o o o e £ S5 15 5 0 £ s 5 e 1 T

&40 F T B T T USSR I
&3 .F'u.l".'r. '.1Iu LR .Fr'.'ﬂ'.l‘t.urr.[?a.ur\' U . 1 |

B ™ SAMPLING (S EFTEMEER. oo oo eceeee s ceeeee e oo e es e ee e ee e e e et e eeeeen e ss s s es e ee eemees s s e anenee« RO

&40 P, Sl Rt TEUENE JEEFIERE oo oo et e e e e e e e e e e et e e w202 e e e e w0 rnm e PR
B3 Mr&r.l"r :r.lr:l'.'.‘ur.l'p.ﬁ':rrr e enex een e e e o e e 5 32 2 5 55 1 1 e 300 e e e e S
L Podvevelic aresmetic .Fr'.'ﬂ'.l‘ua'crrlwrf e x££ . s £ 5 15 £ £ 5 £ 0 22 w5 0 o e s e D

BA S GBI LN (MO EBIBER T . oottt et e e et et e e s et et e et e e nm e enee et e mn s e ame e B}

251 FH. .wr.l'ur.u'.'.' eniel TEHTENE LTI o oo e e e e e e e e e e e e e e e £ £ . 5w £ e 5
R52 Me gy :r.lrﬂ'.ﬁ'ar.l'g.rfrerfr............................ SR J
B34 .F'u.l'w. '.'du .-i.l't.'.l.rurlu H'.'ﬂ'.l‘merr.[urv e e e e e £ £ £ 1 e s £ e e e 1 O

&40 F T B T B T T S USSR U SRR . - |
a4.2 IVEFFerse erited SIIEIITE o oeeeee e et e et et e e e e e et e s et 20 2 2 50 e s 0 e e e
a6.3 Pondve v B errenimentfie FOIREREERIRIIER oo coeece e e et e e e cem e e e e e et e e e smm e e e o e e e e e

87 L N T B L TN I TR L | 1.
iR e B B o L oy W I S | © |

9 RESULTS AND DISCUSSION OF THE TOXICITY AND ACCUMULATION TESTS..cvvvaa. LY

Qi Micisel anerdvses: size, welght, covelitint Tnalet, Bi QOB e e ee ceeeeem e e enmemmsmennnen 4 A
gizx Micisel aoerdyses: PAR cowide s, aeciomidetlont, BPRiIV e e e e e e e enee. AR

iy CONCLUSHIYNS - - - R -+

REFERENCES ... — - - wa LG

REFEREN CES WORLD WIDE WER anan - 1249

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



LIST OF FIGURES

Fi.

Fig

Fi.
Fi.
Fi.

Fia.

Fi.

Fig.

Fia.

Fi.

Fia.

Fi.

Fi.

Fia.

! GEOGRAPHIC AL POSTTION OF DOYER AN CALAE ANIF ROUTE OF THE “PRIBE OF KENT' IMSIDE THE

20 DO ER HoAR BOU R SAMPLENG BOINTS (LEFT: SabPLBG Ox 1122000, RIGHT SAMPLING O8N 24 3. 200400 1]

Fia.

3 PHOTE (F THE SEAWATER SCRUBBER SaMPLING POINTS IMSIBE THE PRIBE OF KENTY. L. POmNT |
SEAWATER SCRUBBER BLET. ML POINT 2 SEAWATER SCRUBBER GUTLET. MR POINT 3 asD 5 GUTLET
AN BHLET OF LIS FILTER, TOP OF CYCLOBES, B POBT 4, T AN TUBE GOBNG TO THE SETTLEG TANK AN
TR A BT TR CHF S ABIPLINGD T K. o oocs e e e e et et e e et et e e e s e es e ems e s s s s e ot e es e mrsmmnsn e snme |
AW AN WVEEN GRAE AN MISKIN LATHE FOR SEINMENT AND WATER 5 AMPLES RESPECTIVELY oo 22
S PICTURE OF ARTEMEA SaL A, THIS ORGANIEM WAS USED B TOXNICITY TESTS e e me e e anee e 28
& PHOTOS OF THE EXPERIMENTAL DESKN OF THE ACCIBMULATION TEST. L. ALL NINE AQUARIUMS WITH
AERATHR PUMP. M. CLOSE VIEW O8N T AN AQUARTUM WITH ABRATION STONE AND MUSSELS FLACED O
T LEFT: DNIFFERENT AMOUSTS OF ACIDIFED (PHT 43 LAanE BAY SEAWATER MIXED WITH MON-ACIDFED 1aDE
Bay sEAWATER. GIVEN 15 THE BEVELGEMEST OF PH OVER TIME I RELATION T4 THE PERCENTAGE OF PH 4
WATER. RIGHT: SAME A% LEFT BUT CRLY 5000 5000 G AT WITH IHFFERENT WOLUMES . e 29
e LEFT: 500 50 MIXEHG RATER OF ACHHEFIEDR (PH 40 JalE Bay A MaTURAL JalzE Bay SEAWATER, WITH
HFFERENT STIR BAR ROTATION SPEEDS, BIGHT: PH-YALUE 1N ECQUILIERIUM N BEPENIENCY OF MDUNG BRATIO
G LEFT: DNIFFERENT AMOUNTS OF aCiDFEDR (PH O BEuig BIVER WATER MINED WITH NON ACIDIFIEY Ews
RIVER WATER. GIVEN 15 THE DEVELOPMENT OF PH OVER TIME RIGHT: PH-VALLE B EQUILIBRILM A%
FURNCTIO OF MG RATE % PELA SEAWATERY . et et e e e e e me e e e e e es e me e nn e DL
I LEFT: DIFFERENT AMOUNTS OF ACIEFED (PH A3 ODENSE SEAWATER MIXEDR WITH MOM ACIHFIED
OIFEMSE SEAWATER. (IVEN 15 THE BEVELOEMENT OF PH O OVER TBE. BIGHT: PH-YALLE I8 BQUILIBR UM A5
FUMCTION OF MG RATER (% PEL SEAWATERD oot s et ee et e e e es e en e ses es e ennan e ms s an e e T
L1 LEFT: DOFFEREST AU TS OF ACIFED ( PH 40 Calals SEAWATER BMOCED WITH MO ACIHEEDR Calals
SEAWATER. GIVEN 15 THE BEVELCPMENT OF PH OVER TIME. B1GHT: PH-Y ALUE 1N EQUILTERIUM A% FLUNC TR
CHF B B BATIO (B L SEAWATERY et e e e et er e e e et e menmne e mrmme T ]
120 LEFT: DIFFERENT AMOUNTS OF ACIDEFED (PH 40 DOVER SEAWATER MINED WITH MON ACIDEFTEY DOVER
SEAWATER . GIVEN 15 THE BEVELOGPMENT OF PEL BIGHT! PEL-WALUE 1N BCUTLIE RIUB AS FURMC TERY CF MIX NG
13: LEFT: PH-YALUE 1M BOUILTBRIUM OF MEING RATE (% PH 4 SEAWATER) B ALL PRELIMINARY PH
TRIALS, RIGHT: MEANCGF ALL TRIALS WITH STAMIBRIIIEY LATIOM . oeeece e et e e e e an e e aen e«
L LEFT: bEAN PH VALUE {POINTS) AN S TANIARD DEVIATION (ERROR BARS) IN EQUILTER UM OF MIXING
BATIO (5% P A SEAWATER ) FOR ALL PRELIMIMARY PH TRIALS, THE BLACK LINE SHOWS THE MOIMEL FITTED
Tk THE POINTS AN THE RED LINE SHOWS THE 95 % CONFIBENCE INTERY AL OF THE MOGEL. BIGHT: CHANGE
CHE P EL P R PERICEBM TAGE (oo oecs e ce et et e aeee e easees e es e 2ams sies s a5 0 08 25 25 2 e 2 20 25 20 2 22 et s 28 s e s an e at e e T
15 RESULTS OF PRELIMINARY TRIALS FHE THE DETERMINATER (F THE RECOVERY RATES OF PAHS FrOM

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



Fia

Fia.

Fi.

Fi.

Fia.

Fia.

Fi.

Fi.

Fia.

Fi.

Fig.

Fia.

Fi.

Fi.
Fig.

Fia.

Fi.
Fi.

G BESULTS OF PRELIMINARY TRIALS FOR THE DETERMINATER OF RECOVERY RATES OF PAHS FROM
1T BESULTS F PRELIMBARY TRIALS FOHR THE DETERMINATER OF RECOVERY RATES OF PAHS FROM
18 RECOYERY BATES OF THE SOLUBLE PAHS FROM HATURAL SEAWATER WITH CHROMA BN 5PE SOm BENT
CIR EC ANDELUTION SCLVENT UM, LEFT: CALAE SEAWATER BIGHT: DOWER SEAWATER. oo 39
19 Fracnosanos oF PAHS BETWEEN INSSOLVED AND PARTICULATE FRACTION AFTER IMFFERENT
2 MEAN RECOVERY RATE AND & TANDARD IHEVIATION FOR EXGHT EXTREACTIONS OF DOVER SEAWATER AND
21 THE AUXILIARY ENGINES ANEFSWSE RUNMEG AT THE 2900306 et et e eee e 2D
22 LEFT: QOFPER COMCENTRATION [FPE] RIGHT: MANGANESE CONCENTRATION |FPE] DETERMINED HIR
ECOSTENCER FLET AN OUTLET SAMPLES TAKEN 1M Calads, DO ER AN THE CHARMSEL O8N 2302403, 200
AN |02 200, LA PSSO ATLANTIC WATER SALBITY STAMIRARLY oot v e e er e ee e ar e e S
23 LEFT: ZiNC CONCENTRATION [PPR] RIGHT: BARIUM CONCENTRATION [FPE] DETERMIMED FOR
ECOSTENCER BLET ANDCHUTLET S AMPLES TAKEN 1IN Calar, DOVER AND THE CHANSEL On 23024003 20
AN |02 200, LA PSSO ATLANTIC WATER SALBITY STAMIEURLY oot v e e er e en s e e T
24 LEFT! LITHIUM COMCENTRATION [FPE] RIGHT! STRONTILM CONCENTRATION [FPE] DETERMIMNED FOR
ECOSTENCER WLET ANIOUTLET SAMPLES TAKE B Calads, DOVER AN THE CHARMSEL OxN 2302203 20
AN |02 200, LA PSSO ATLANTIC WATER SALBITY STAMIEVRLY oot e e e er e ee e an e e T
25 LEFT: CALCIUM OOCENTRATION [PEM] BIGHT: POTASSIUM CONCENTRATER [PEM] DETERMINED FOR
ECOSTENCER FLET AN OUTLET SAMPLES TAKEN 1M Calads, DO ER AN THE CHARMSEL O8N 2302403, 200
AN 1L 200, LA PSO: ATLANTIC WATER SALBITY STANMIEURLY (.o e e en e e e ateee s me s mnan e S
e LEFT MAGHESTUM COMCENTRATION [FPE] RIGHT! SULPHATE COMCENTRATION |FPE] DETERMIMNED FOR
ECOSTENCER INLET ANIFOUTLET SAMPLES TAKEN 1M Calads, DOVER AN THE CHARMSEL O8N 2302203, 204
AN |02 200, LA PSSO ATLANTIC WATER SALBITY STAMIEURLF oot e e v seee s ee e ee eneme o ]
2T PLOT OF 1508ER K FHES AN THR ENE AN THREAC ENE RATIOR AGATNST FLUGR AN THENEPY RENE RATICE FOR
ALLSAMPLUES TAKEN I FERRUARY AN RIARTH (oot et e et ee e ee et im0 eemms s nm e an s s s an e es e 2T
28 PLOT OF 1S0MER K PHENANTHR ENESAN THRAC ENE BATION AGABST FLUGK AN THENEFYRENE BATIOR FOR
THESEAWATER 5CRUBBER 5 AMPLES TAKEN IN FEERUARY AMIF MARCH. oot et ee e 2
20 BESULTS OF THE POUA OF THE HAR BOUR SANMPLES oo oeoeeoe oo ceee ceseee es s es s ms s me s a1 e s2smes s ssmessmesn s o1 1
Al REGRESSION BETWEEN ™' anD 2™ EXTRACTION LEFT: BEGRESSION OF THE AMOUNT OF EXTRACTEDR
PARTICULATE MATER AL [G] FIGHT: BEGRESSI0M OF ALL PAFTS [MGAL] (SUM PARTICULATE, DISSOUVED . 62
31 PLOT OF I508ER K FHES AN THR EME AN THREAC ENE RATIE AGATNST FLUGR AN THENEPY RENE RATICE FOR
ALLHARBOUR SAMPLES {LEFT) ANDSEAWATER SCRUBBER 5 AMPLES {RIGHTY (oo e e 02
32 BESULTS OF THE POUA CF THE HAR BOFUR SAMEPLES et eeeee et e me e et e e s ae s srmsnsnan me s msmnnne s BT
33 PEGRESSION BETWEEN 1™ AN 2°Y EXTRACTION LEFT: REGRESSION BETWEEN THE MMOCRUMNT OF
EXTRACTED PARTICULATE Ma TERIAL [G]. BIGHT: REGRESS 108 OF ALL BETERMUNED PAH CONCENTRATIONS

[ G {SUB, PAR TEULATE, IFSSHCWELE s e ee e a0 es s es e e s s es s s e e s es et e 105 et e ms s 05 menmnsemns 1 |

I

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



Fia.

Fia.
Fi.

Fi.

Fi.
Fia.
Fia.
Fia.
Fii
Fia.
Fia.
Fiii.
Fi.
Fia.
Fia.
Fii
Fia.

Fia

Fig.

Fia.

Fia.

Fi.

Fi.

Fia.
Fia.

Fi.

Fi.

30 PLOT OF 1508ER K FHES AN THR EMES AN THREAC ENE RATIE AGATNST FLUGRANTHENE Y RENE RATICE FOR
A5 BESULTS OF THE POUA CF THE HAR BOFUR SAMEPLES et eeeee et e me e en et e e s ee s armsnsnsnme s mrmnnnns $)
36 REGRESSION BETWEEN THE FIRST AN THE SECOND EXTRACTION. LEFT: FILTER WEKIHTS, RIGHT: PAH
AT PLOT OF 1508ER K FHESANTHR ENE AN THREAC ENE RATIOR AGATST FLUGKR AN THENEPY RENE RATICN FOR
AR BESULTS OF THE POA OF THE HARBOFUR SAMILES | e e e eeeeee et e e ennneme e P
39 BALBITY, TEMPER ATURE ANDEH MEASUREDR ATPORT Cal L AN Al 2 e e B
A SALBITY, TEMPER ATURE ANDEH MEASUREDR ATPORNT CALI AN OAl A e e B

A1 BALBITY, TEMPERATURE, ANDPH MEASUREDAT POINT U3 ANIFCI ot et e e e e eaee s B

A2 BAlLBITY, TEMPER ATURE, ANDEH MEASURED ATPOBT C350 AN T e e B

A3: BALBITY, TEMPER ATURE, ANDPT] MEASURED ATPORT DO L AMBDON 2 e B
A0 BALBITY, TEMPER ATURE ANIPTL MEASURED ATPORT DOY 3 AMBDOY A e B
A5: BALBOTY, TEMPER ATURE, ANIFPH MEASURED ATFOIT DS AN DS e B
A BALBITY, TEMPER ATURE, ANDPH MEASURED: ATPOBT DEAS0 A D0 e e e B
AT BALBITY, TEMPER ATURE ANDPH MEASURED ATPOBT SD ANDBED2 e B

A8 BALBITY, TEMPERATURE, ANDPH MEASURED ATEPOBT SCL AN S e et e e B

D BALBITY, TEMPER ATURE, ANDEH MEASURED ATPOMNT SCHI ANDECHZ e e BR

50 TEMPERATURE DEFENDENCY OF PH. THE REIF LINE SHOWS THE COURSE OF THE PH WHEN THE SaMPLE
WAS HEATED AN THE BLUE LINE SHOWS THE OOUKSE OF THE FH WHEN THE SaMPLE W aS OOCKLED DNOFW N

51 BALBITY, TEMPER ATURE, ANDPH MEASURED ATPONT SCHS ANIDESCHS ot e B

A2 BALBITY, TEMPERATURE, ANDPH MEASURED AT PO T SUH oo e e e ee e eemenee oo R
530 PH AMIF SALIMITY I8 THE HARBOUR OF DOVER TRIANGLES REPRESENT THE MATURAL VARLABILITY
TFURING ALLSAMPLINGS 1N 2004 . DLAMOSDE REPRESENT THE ¥ ALLUES OF THE TRANSEC T SAMPLES. ... ... W)
S0 PH AN SALIMITY I8 THE HARBOUR OF Calals, TRIANGLES REPRESENT THE MATURAL VARLABILITY
TFURING ALLSAMPLINGS 1N 2004, DUAMOSIDE REFRESENT THE TEANSECTYALUES. s e e T
S5 PH IMPACT OF SWS EFFLUBNTS ON THE RECEIY NG HARBFUR WATER IN DOER Al Calals AT THREE
SAMPLEAG {IULY, SEFT. ABMIIINIFN D oo et e ceee s aeee et s e as e e a8 s e o e ms e s e wenmns e an s smn s ]

S TEMPERATURE [PC] IMpAcCT OF BWE EFFLUBNTS (W THE RECEIVING HARBUR WATER I DOVER AND
Calats AT THREE SAMPLIRNG (JULY, SEFT. AN MOV o e e me et me e e ne e mememe F

57 TEMPERATURES [PC ) OF HARBOUR AN TRAMSEC T SAMPLES . e et e neeme e eeeeme T

S8 NITRATE CONCENTRATIONS [aM0d L] OBSERVED DURING ALL SAMPLINGS. LEFT: PORT OF CaLAK.
B T P BT B WP R oo e e et e ee e e et e e s e s em 22 e a8 e et s 25 20 s 2 em 25 202 s s en 25 22 e 2 s ms rnn es s
59 BEGRESSION BETWEEN 1™ AN 2°Y EXTRACTION LEFT: REEGRESSION BETWEEN THE AMOUNT OF
EXTRACTED PARTICULATE MATER AL [G]. BIGHT: REGRESS 108 OF ALL ETERMUNED PAH CONCENTRATIONS
[ G {SUBL PAR T ULATE IFSSELYETET coos oo e et e e emsee e et e e s e ms s s e ms e am a5 s s s an e sranamsne T

Gl RESULTS OF THE POA OF AL HARBOUR SAMPLES TAKEN W FERRUARY (FL, MarcH (M), JuLy (I3,

WOVEMBER (M) AN SEFTEMBER {80 e ettt ee rre e reem e e rn et e e s e e mes e esmene e s T

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



Fia.

Fia.

Fig.

Fia.

Fi.

Fig.

Fia.

Fi.

Fig.

Fia.

Gl PLOT ORF TS0MERIC PHERN AN THREME AN THRAC ENE AN FLUGRANTHENEPY RENE RATION OF THE SEIHNMENT
SAMPLES TAKEN 1N DOVER AR Calals BULY, SEFTEMBER AN M OVEMBER. e e LS
G2 PRISNCIPAL COMPOENENT ANALYSE OF THE RELATIVE PAH CONCENTRATIONS { BERCENTAGES) OF THE
WATER, SEDNMENT AN} MUSSEL SaMPLES TAKEN B DOVER AN Calal W JULY, SEFTEMBER AN
MOYEMBER. FIRST LETTER: W=WATER SaMPLE, S=SERMENT SaMPLE, M=MUSSEL S PLE (SMAL=5M A1

A0-30d, MED=sEDea 30-400nma, LARG=1LARGE A40-50 vov). SECONI LETTER: I=SIULY, S=SEFTEMEBER,

M=MOVEMBER. LAST FHUK LETTERS ! SAMPLING PUHB T oo cs e ee e eveeeeee e ee et mee e s ee e es s en e snme s sae sessmemsmssmasnes LAIT
63 BESULTS OF LUMISTON TEST. SHOWN ARE THE DIFFERENCES BETWERN SEAWATER SCRUBBER INLET AND
CUTLET WATER TAKEN DURING THE S8 FLNG W SEPTEMBER. THE PH SHOWSN Was THE PH OF THE CUTLET
Bl MEAN PERCENTAGES OF SHELL, DRY AND WET TISSUE WEGHT FH ALL MUSSELS USED B THE
ACCUBIULATION TEST. LEFT: PERCENTAGES FOR EACH TEST, BIGHT: MEAN FORALL TESTS e 112
65 CORRELATION PLOTS. LEFT! WHELE WET WEIGHT AGATST LENGTH. RIGHT: SHELL WEIGHT AGAINST
LEMGTH. I3 BOTH CASES THE RED LINE SHOWS THE MOMLINEAR MOIHEL ANIF THE BLACK LINES THE 95 %
S CORRELATION PLOTS! LEFT: WET TESUE WEIGHT AGATNST LENGTH. MIDE: DRY TISSUE WEKHT
AGAINET LENGTH. RIGHT: DEY TESUE WEIGHT AGABST WED TISSUE WEIGHT. IN BOTH CASES THE RED LINE
SHOWS THENONLINEAR RCIFEL AN THE BLAC K LINES THE 95 % CONFIENCE BNTERYAL ..o L3
67 LEFT: ComraR BON OF PAH CONCENTRATIONS IHETE RMINED 1N THE STANDRRD MUSSEL TISSUE ANIFTHE
CHRIGE AL CONCENTRATIONS. BIGHT: CORREELATION OOEFFICIENTS, STEEPNESS AND SECTON OF THE
G MEAN CONCENTRATERNS OF THE ADGED PAHS, DETERMINED FOR THE DFFERENT ACCUMULATION TESTS.

R

B0 MEAN CONCENTRATIONS OF THE PAHS WHICH WERE MOT ADNED DURBMNG THE TEST, DETERMIMED RO
THEINFFERENT ACCUBMULATEIN TESTE. oot ees eee et e e eaee e ee e e eeememee e enme e ee e ams s smne menmenmnmee | L
T CONCENTRATENS OF PHEMANTHRENE, ANTHRACENE, FLUORANTHEME, PYRENE AND CHR YSENE IN NG L
MEASUREL 1N THE AGUARIUNMS OF THE CONTROLS, THE PARTICULATE AN THE INSSCINVED TEST OMNE HOUR
AFTER A WATER EXCHANGE AN KKHT BEFRMRE THE FHLOWING WATER EXCHANGE (3 DAYS)L

COMCENTRATERS ARE SEPARATED INTO THE DN SSCUYED A0 THEPAR T ULATE FRAC TIONS e LR

Wi

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



List of tables

TABLE | COMPOSTTIONS OF MIXTURES FOR PH-BUFFER-CAPACITY MIX TEST. (MIXTURES WRITTEN I TALKS

WERE MOT FER FORMED FOR EVERY THIALY (oo et me s me e et e et ee s e s e ea s ies e ses e et e 1 e 25 a5 s ns s ms sressnmans o]
TABLEDZ: PROPERTIES OF THE DNFFERENT RIVER- ANDESEAWATER SAMPLES USEDFOR THE PRELIMINARY TRIALS . 5
TABLEI: SAMMPLNG POIMTS IN DaoveER | L2 20000 Asn 2400, 000-05-28 e e eeme e |
TABLEA: SABMPLIMNG POHMTS TN CALAT oot cee e et eee e ee et e e s ee s ms s et ee s ms s em e an me s ns s as aee arn s ananmsmnnnnes ||
TABLES: SABMPLING POUMNTS OM BRARD  PRIEE CF KEMT™ oot eee e ee et eme anme s e nsmmsamn s snsmsmnnnnes ||
TABLES: SAMPLING POIMTS 1N CALA FOHR THE SAMPLINGS 1N JULY, SEFTEMBER ANIFNOVEMBER . 13
TABLET: SAMPLING POBTS 1N DOVER FOR THE SAMPLINGS 1N JULY, SEFTEMBER ANDNOVEMBER oo |3
TABLES: EBE ANIF FLOW DATES FORE ALL SAMPLEGS (HTTE W WW SOBILEG EOGRAPHECS.COM) e 13
T ABLED: COCHRDEATES OF S AMPLENG PODN TS AN TIME ANDNIATE FOR SAMPLINGS ..o ee cveessmesmenes L
TarlE L GroUES OF PAHS DEFRED FORR GO-MES SIM-BEETHOF oot et et me e e e vesnennes L
TABLE | STRUCTURES AN ALAJCR PHY S AL PROPERTIES OF THE G EPA-PAHS e e LB
TABLE |2 CATEGH EATION CF THE ACCURMULATION TESTE. oot eeeee e e sms e en e et e s e ee s ms e mass ms s msmmnn e e o]
TABLE |3 MEAN PAH COMPOSITER I THE SEAWATER SCRUBEBER OUTLET SAMPLES (MARCH AND JULY), PAH

COCENTRATIONS 1N THE ACETOMNE SO TION AN RESULTING PAH CONCENTRATICN 1M THE ACQUARIUM .. 26
TABLE |4 I3ATES FOR WATER EXCHANGE DURBG THE ACCUBMULATION TEST oot et e ee et e eeeeanmenns 1
TABLE |15 WALUES OB TABED BY FITTEG BPUL L2 TOTHE PH-YALLUES s et e e mr e en e anme e 3
TABLE [ STANINED BEY IVTION OF THREE DFFERENT STANIEARIF DNLUTERY SERIES. oo ee s eesneennenen 34
TaBE T AcCURACY OF THE GO MS {18CLUTHNG INIETD, BTEGR A TION AN MEASUREMENT) . 35
TablE |8 F-TEST FH LIMEARITY OF THE GO ME. SHOWH RESULTS WERE CALCULATED WITH ALL [HUUTIE

STEPS RANGING FROM 25 TO D00 G L™ e e e s e eemee 1D
TABLE |9 F-TEST FH LIMEARITY OF THE GO ME. SHOWH RESULTS WERE CALCULATEDR WITH ALL [HLUTER

STEPS BASMG NG FROM 25 T L R0 L= ]t e e e et e e e 22 nns e s ms s ns s s s mn o e an e nme - FED
T ABLEND LI oF BETECTION {LO D0 RO IRETERM BED PAHS e ettt e e e an e e T
TABLE 21: MEAN RECOWVERY HATES AN STANIDARD BEVIATION DBETERMINED FOR PRELIMINARY THIALS WITH
TABLE 22 AR AND WATER TEMPERATURE [FC], SALINTY [PSU], PH VALUE AND OXYGEN [MG L] DURING

SAMPLEG 1M CALAT HARBCUR O L L2200 et e e et e e e e ms s en e anme s msmen e an e e ane SF ]
TABLE 23 WATER TEMPERATURE [FC], Salisimy’ [PSLT] A PH-VALUE DUR NG SAMPLIRNG B DOVER HAR BOLUR
TABLE M CONCENTRATIONS OF THE [NTERNATIONAL ASSOCIATION FOR PHYSICAL SCIENCE OF THE (CEAMN

STANIRARLY FOR NATURAL ATLANTIC SEAWATER. Lo ceeee ettt ee e e ee s e e s cn e es en s s s staees s assn e sn e S
TABLE 25 SULPHATE, EARTH AN TRANSITION METALS DETERM MED FHR THE SaMPLES TAKEY a0 110220044,

FIELDS SIGNED WITH™ ' SHOW OOMCENTRATIONS BELOW DETECTION LIMIT oo ee e e me e er eees e er e ne anmeanme 400
T ABLEM: NUTRIESNT COMCENTRATIONS DETERMINED FOR THE SabPLES TARES Ox L LO2200 L 43
TamE 27 REGRESSION OF SaMPLE BOINTS (SAMPUING | L2000 COLOURS ARE ADDED R A BETTER

VIEUALISATION, YELLOW HIGHLY OORRELATED, RED MODERATE R LOW OORRELATION, DARK REDR MNO

B L o L R o L RO b

Wil

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



TaABLE 28 PBEGRESSION OF COMPOUMNE OOMNCENTRATIONS BETERMINED FOHR THE SAMPLES TakEsN O [ 2004,
COLOURS ARE ADNED FOR A BETTER VISUALBATION. Y ELLOW HIGHLY OORRELATED, RED MOIERATE (R
LW OO RELA TR, [EARE RED MO S IGMIFICANT OOREELATION. .. oo e e e ee st et es e e same S1]

TABE 2% AIR AN WATER TEMPERATURE [PC], SaliNmy [PSU], PH YALUE AND OXvVGEN [MG L) DURING
SAMPLEG 1M Calals HAaRBOUR O 23 3200 e e et et e e e et e mene s es s an e me s an e e AR

TABLE 300 AR AN} WATER TEMPERATURE [C], SALINITY [PSU), PH VALUE AND OXYGEN [MG L] DURING
SAMPLING 1 DOWER HARBOUR O 203,200 et et et ee e e ee e e e et et s s an e ermenn es S ]

TABRLE 31 AR AND WATER TEMPERATURE [C], SalinNmy [PSUL PH YALUE aND OXYGEN [MG L") DURING
SAMPLEG 1M DO ER HARBOUR O3 2 3. 0D et et et aa e s mt s em an e e e e nsmnman wes S T

TABLE 32! SULPHATE, EARTH ANIF TEAMEITION METAL COMNCENTRATIONS DETERMIMNED FOR THE SAMPLES TAKEN

TABLEIR: NUTRIENT COMCENTRATIONS BETERMINED FOR THE SabPLES TARES Ox 24053 200 0 52

TABLEID [HCES R THE DETERMEB ATION COF THECRR KGN OF THE PAHS (Sasmpeies 1020 e 53

TABLEIS: [MCES R THE BETERMIUNATION OF THE CRRIGIN OF THE PAHS (HakBOUR SabPES 24030405 ... 53

TABLE 36 [NINCES FOR THE IETERMINATION OF THE GRIGIN OF THE PAHS (HarBOUR ECOSILENCER SaMPLES

TABLE 3T ININCES FOR THE DETERMINATION OF THE GRIGIN OF THE PAHS (C asseL OF DOVER ECOSTENCER

TABLE 38 REGRESSIO CHART FRRE THE ANALYSE OF THE SAMPLEG POINTS (SAMPLING MakCH)L COLOURS ARE
AIMED FOR A BETTER ¥ ISUALEATION. YELLOW HIGHLY OORRELATED, CRANGE ANI RED MODERLATE O LOW
CCHR RELATION,, [RARE RED MO S N IFICANT. OO BRELATIORN . (oo e e et et e es e es o ees e esmean e 2]

TABLE 3% BEGRESSION OF OONPOUND CONCENTRATIONS DETERMINED FOR THE SAMPLES TAKEN O 24003044,
COLOURS ARE AINMED FOR A BETTER VISUALBEATION. YELLOW HIGHLY CORRELATED, RED MOIERATE (R
LEOFW OO RELA TR, [RARE RED MO S IGNITFICAN T, OO RELATION .o oeococeeeee e e et e es s e as et e e S

TABLEAD: FEATURE YECTOR B THE POCA CF THE HARBOUR SAMPLES oot et e eeee s e s me e en e anms eee D 1

TABLE AL TEMPERATURE, SALIMITY ANDEPH DATA MEASURED AT THE DFFERENT SAMPLEG POINTS I8 Calal

TABLEA2: TEMPERATURE, SALINMTY ANEEH BATA MEASURED AT THE INFFERENT SAMPLING POINTS 1M DOYER

TABLEAS: SEAWATER SCRUBBER TEMPERATURES, SALTITIES AN IRATA .ot et e eee e T

TABLE 44 CHLOROPHYLL, SESTON AN WUTRIENT CONCENTRATEINS DETERMMED FIR THE SaAMPLES TAKEN 1IN

TABLEAS QUOTENT (F BENZ]A]ANTHREACENE AMINCHRYSENE. e et ee et et e et e me e meeeenne arme e B0

TABLEAS: REGRESSION OF PAH OOMPOMENTS, YELLOW SHOMWS HIGH OORBELATION e e e e es 01

TABLE A7 BEGRESSION OF SaMPLING POBRTS, OOLOURS ARE ADGEDR FOR A BETTER VISUALBEATION . YELLOW
HIGHLY CORRELA TED, INARK RED NOS KGNIFICANT OOREELATIOM. (oo ceseeees e et e evee s e snee anes B

TABLEAR: FEATURE YECTOR FRL THE POUA CF THE HARBOUR SAMPLES oot e et e e e e mreem e anme s BT

TABLE 4% TEMPERATURE, SALINITY AN PH DATA MEASURED AT THE DEFFERENT SaAMPLEG POINTS 1M Calals

W

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



TaBLE 50 TEMPERATURE, SALINITY AN FH DATA MEASURED AT THE DIFFERENT 5AMPLING PONTS N DOVER
TABLE 51 TEMPERATURE SaALINITY AND PH DATA MEASUREDF AT THE DFFERENT SaMMPLING POINTS IN THE

SEAWATER SURUBBER IN SEFTEMEBER . oot ettt ee e eaee eeeeee e e e s me e msan s nnee are mnnenmemnme RO T
TABLE 52 CHLOROPHYLL, SESTON ANIF NUTRIENT CONCENTRATIONS IFETERMINED FOHE THE SAMPLES TAKEN N
TABLESS: SULPHATE, EARTH AND TRANSITION METALS DETERMBED FHL THE S0 FLES TAKEY 14 SEFTEMBER . &%
TABLE 54: BEGRESS1OM OF COMPOUNDS, COLOURS ARE ABDED FOR A BETTER VISUALISATION. YELLOW HIGHLY

COMLRELATEDY, DRARK BED M0 SN IFKCANT OOREELATIOMN . oot ee et cee e ee et e e e e en esmesemeennmee B
TABLE 55: BEGRESSION OF SAMPLING PONTS. OOLOURS ARE ADNGED FOR A BETTER VISUALBEATION. YELLOW

HIGHLY OOREELATED, DaARE BED MOS KGN IFICANT COBEELATIOM. oot e ee e et e e e en e eame e B
TABLE 56 THE QUOTIENTOF BENZ[A | ANTHR ACENE TO CHRE YSENE CaM BE USED AS MARKER R THE CGRIGIN OF A

TabklE 58: TEMPERATURE, SALINITY AN PH ATA MEASURED AT THE DIFFERENT SAMPLING POINTS I Calals

TABEST: FEATURE ¥ECTOR FOR THE POUA OF THE HARBOUR SARMPLES ..ot e e eeeee eeeae e e e manee

TABLE 5% TEMPERATURE SALINITY AN FH DATA MEASURED AT THE DIFFERENT 5AMPLING POINTS 1IN [DOVER
Taplk 6l TEMPERATURE SaALINITY AND PH DATA MEASUREDF AT THE DFFERENT SaMPLING POINTS IN THE
SEAWATER SCRUBBER HARBOUR I8 NOWEMBER ..o et ee e ee e ee e ea e eeme e eaae e eame e T
TABLEGL SULPHATE EARTH ANIF TEANSITION METALS IETERMMNED FHL THE 500 PLES TAKEN 1IN NOYVEMBER. T7
TABLE 62 SESTON AND HUTHRIENT COMCENTRATIONS DETE RMINED FOR THE SAMPLES TAKEN 18 NOVEMBER 2004
)

TapBlk 63: BEGRESSION OF PAH COMPOoUNDS, COLOGURS ARE ADGED FOR A BETTER VISUALBATION . YELLOW
HEGHLY OOREELA TED, DaARE FED SOS KM IFICANT OOMEELATIOM. oo et e eeeee e e ee e en e e nee e
TABLE &l BEGRESSION OF SAMPLING PONTS. OOLOURS ARE ADGED FOR A BETTER VISUALBEATION . YELLOW
HIGHLY OOREEL A TED, DaaRE FED SOS KM IFICANT COBEELATIOMN, oo e ees e eeeee e e e es e e eee eene
TABLESS: ISOMERIC AT OF BENZLA AN THRACENE ANIFCHREYSEENE oot es et me e e s ee e ms s nms e eee B
TABLESS FEATURE VECTOR FRR THE POCA OF THE HARBOUR SAMPLES o e e B3
TABLE 67 DNFFERENCES BETWEEN THE INLET ANDF GUTLET SAMPLES TAKEN FROM THE SEAWATER SCRUBBER
SYSTEM BOCALAE, DOVER ANDTHE CHAMNEL, LEFT: PH DIFFERENCE. BIGHT: TEMPER AT URE INFFERENCERT
TarlEGH: ConPak SON OF SULPHATE INLET ANDWOUTLET COMUENTRATIOMS [FEM] o 92
TamlEeE & Sum OF all 16 EPA-PATE (PARTICULATE AN DESOLVEDR, EXCLUDBNG NAPITHALENE)
COMCENTRATICNS IN MG L™ FOR ALL SAMPLINGS (M0, = HOTIETERMIMETFL e ee e ceeeeme e e eeeme B
TARLETD: PAH CONCENTRATIONS I4 NG L. LISTED ARE THE CONCENTRATIONS OF THESINGLE PAH COMPOUNDS
I AL SaniPLES. CONCENTRATERS ARE GIVEN A% DESCVEINVPARTICULATE PAH. DaSHES IMINCATE
COMCENTRATIONS BELOW THELIMIT OF IETEC TION. (80 = NOTIETERMINEIF .ot v eeen 0
Tarlk Tl Sus oF BeF, BauiP, BEF, BaP, Flua, BE CALCULATEDR A% CARBON WHEGHT (8.0 HOT

IX

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



TABLE T2 PAHOOMCENTRATIONS 1M MG L' DETERMIMED FOR THE SEAWATER SCRURBER SaMPLES. LISTED ARE
THE COMCENTRATIONS OF THE SBGLE PAH OOMPORUSNDE 14 ALL SasPLES . CONCENTRATERNS ARE GIVEN A%
BESLYEINEAR TICULATE PAH. DASHES BIMCATECOMCENTRATEENS BELOA THE LIMIT OF BETECTION, {813

TABLE 73 DIFFERENCES [NG '] BETWEEN NLET AND GUTLET SAMPLES TAKEN 1N MARCH, JULY, SEFTEMBER
AN NOYEMBER B DOVER, CalAl AN THE CHAMNEL SHOWSN ARE THE MEAN, THE STANIRARLF INEY 1A TN
A THE BB IBIUM AN MUAKBIUB W ALLUES | oo et cee e e casieet e ssme e ee s et e en s 2 me o w20 mnms s ms et e en a8 meme o warm s TR

TABRLE T4 FEATURE YECTOR FOR THE PCA OF ALL HARBFUR SAMPLES TAKEN B FERRUARY, MarCH, JULY,
WOWVEMBER ANIFSEFTEMBER .. .o oo e e e eeee e eeee e e e ee e ms e ee e ms e e e e ms s ne e s mnmneen e T

TABLETS: BRESULTS OF FLANKTON CELL OOUNTING. CONCENTRATERNS ARE GIVEN W CELSPERML. .. [{

Taplk T DIN DFFERESNCES BETWEEN IMLET AN OUTLET SaMPLES TAKEN N DOVER, CalAaB AN THE

TABLE 77: PAH CONCENTRATIONS [ NG @' | MEASURED 1N MUSSELS TAKEN FROM THE QUAY WALLS AT SAMPLING
PO T O AN B OO CEN TRATEE FACTORS {BUFL e et et e e ar e emeaeees WD

Tasle TH: PAH COMNCENTRATIONS DETERMINED FOR SEXMENT SAMPLES TAKEN I JULY, SEFTEMBER AND

TABLE T PAH COMPOSITERN OF THE SEDMENT S AMPLES TAKEN IN Calalk ann DOVER IN JULY, SEFTEMBER
AN WOWERIBER TN PERCENT. e et e ee et e ee e eaee ee e e e es e m s e e en e en me e are mmnmen meanmmmnnenmeme LD

Taplk B FEATURE VECTOR FOR THE PCA OF THE WATER, SEDIMENT AN MUSSEL SAMPLES TAKEN IN [OVER
ANDCALAE WNIULY, SEFTEMBER AMIPINOVEMBER oottt eeee e e ee e e e eenmnenmeme LT

TaBlER] RESULTS OF THE BRINE SHE P TEST PERFORAMED WITH 24 H Q00 JUVENDE ARTEMIA Sl ... 11D

TABLERDY: RESULTS OF THE BRINE SHE P TEST PERFORMED WITH J WEEKS GLIUWVENILE ARTEMEASaliva .. 110

TABLE RS LENGTH [ M) OF ALL MUSSELS EMPLOYED FOR THE ACCUMULATER TEST, THE COLOURS SEPARATE
THE TABLE 1N THE BN CLASSES USED FOR THE PAH DETERMINATION. THE FIRST CLASS SMALLER TiHax 50
B AN THE SECONI CLASS BETWEEN S0 M ABI S0 BB e e L2

TABLERD BRESULTS OF LINEAR AN NOMUINEAR BEGRESSI s oo ee eemeeeame e L L

TARLE 85 PAH CONCENTRATIONS [NG G7'] DETERMIMNED FOR THE MUSSELS FROM THE ACCUMULATION TEST.
WERITTEN I ITALKS ARE THOSE COMPOUNDS AINED DALY, EXT ARE THE MUSSELS TAKEY FROM THE
EXTERNAL Basi, 02, 05 AN 08 ARE THE CONTROLS, (0, 06 AN 079 ARE THE MUSSES FROM THE DISS0UYED
TEST AMIr ], 0 AW0T ARE THEMUSSELS FROM THE PARTICULATETEST. oo e LS

TalE 86 EXPECTEDR PAH CONCENTRATIONS M THE MUSSELS IF ALL AldED PATS WoOULD HAVE BEEN

TABERT PERCENTAGE OF ACCUMULATED PAHS, CALCULATED A% QUOTIENT (F EXPEC TED ANDNEBSERVED PAH
COMCENTRATEEN B THEBMUSSELS. oot et e ee e e e s e e s e enme e msan e enmeanmmnmnmnmeme L LT

TABLESE: PH, SalIxImy Az TEMPERLATURE DETERM BERSN THE AQUARIUBMS DURBG THE TEST e LD

TaklE 8% ToTal PAH AMOUSNTS [MG] THAT WILL BE THEGRETICALLY BYTROUFUCED BFURING OME DAY 1IN0 THE
PO TS OF DOWER AN ALAK AN THEHRETICAL OOMCEN TRATKR BNCREASE [PG L] e 1200

TaABE Y MEAN ACCUMULATER RATE, TOTAL ACCUMULATION PFER DAY AND YEAR ANDF RESULTING

COMTAMBATION AFTER OME TEAR FOR A 20 BB BIUSEEL. oot e e s e maes setes s ss e s st s same s anne ens saessnme |

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



TABLE S MEAN SHELL BHEY AN FAT OONTENT DETERMINED FOR THE MUSSELS OF THE ACCUMULATION TEST

AN THE MUSSELS TAKEN DN ALATS oot eees e e aa e e aams e aa s e ma s ns eame s e mnns e s s nn mmnememe L2 ]

Xl

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



Abbreviations

Arth Arhracana
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Flu Fluaranthana

FiiM Flavin mananuckalid

GC-FID Gas-Chromalography Flama lonisation Dalactor

GC-MS Gas-Chromatography Mass Spactroscopy
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0L Instrumant Dalaction Limi

InSTD Injaction Standard

ISTD Imamal Standand

Lab Limit af Dataction

PAH Palycyclic Aramatic Hydracadan

Pha Phananthrana

PIF Pariculals inarganic phospharus

Pk “Prida af Kar” tha farry an which the saawatar scrubbar is installad
POP pariculals arganic phasphanus

Pyr Pyrana

ROF Raaclive dissolvad phospharus

= Shall Indax

Sl Singla lan Manikanng

SPE Salid Phasa Extraction
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SWE Saawalar scrubbar

TBrE 12,4 5 Tatrabromobanzana (usad as Inpchon Slandard)
TGP Taotal dissakvad phasphornus

TCGHL Tatal chlaraphnyll

TPF total pariculate phasphorus
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1 Project dascrphian
2 Summary

1 Project description

In May 2003 BP -Marina in co-oparation with P&D Famas built a flue gas desulphurisation system
pratatype manulactiurad by DME CGanada into a channal tarmy ("Prida of Kaml™), aparating balwaan
Davar (UK) and Calais (Franca). To tulfil the legal raquiramanits of Mampal Annax V| this saawalar
scrupbar should ramawva mainky 50, from the axhaust gasas. In addibion athar harmiul emiesons and
naia should also ba reduced. Tha anahysis al tha liquid affluanis as wall as thair influanca an tha
marina anviranmani, aspacially that of tha pors, was cariad oul by Tarramara Hasaarch Cantra in

Wilhalmshavan, Garmany.

2 Summary

Within this prajact the efiacls of a seawataer scrubbar onlo the anvironmant wara analysad. Durnng fva
sampling campaigns in 2004 the main focus was laid an pH, nutriants, lemparatura, traca mealals,
pahreyclic aramatic hydrocarbons (PAH) and plankian. Additionally ana accumulation and fwao taxicity
tasls wara padarmead. Far tha absarvation of a whale annual cycla, samples wara 1akan in Fabruary,
March, July, Saptambar and Movambear insida tha haoours of Dovar and Calais and on board tha
“Prida af Kanl" (Pak). Insida the famy's saawalar scrubbar syslam wvary kow pH valuas and high PAH
concantratians, avan in tha outlal, wara maasurad. Sulphala and nitrale concantrations wara also
highar an baard than in samplas from thea harbour anvironmani. Matal contanis, espacially of iron and
vanadium, which wara leachad from tha siesl, could also be detaciad in high amounis insida tha
syslam. A dacraasa al the pH insida tha pors ar closa fo tha larry was navar dosarvad. Only in ana
casa the lamparatura was shightly highar in frant af tha atfiuent autlst. Although PAH concantrations
wara high in tha alfluant, no incraasad concaniralions wara obsanvad insida the hadours arin frant af
tha ship. Signficant contants of haavy malals or aulraphication alfacks wara also nol dalacked. In
summany, no nagativa influance of tha scribbing systam an tha pord anvironmanis was obsanad.
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3 Introduction

3 Introduction

Marnina digsal anginas are amang tha mast fual-afficiant combustion sourcas tar maving goods
[Carbalt and Kosahlar, 2003]. Mavardhaless thay also contribute significantly to air poliution (a.g.
Capaldo &l al., 1999; Sireats al al, 2000). In the past regulations have bean passad which daall
agpacially with tha 50, amigsions from land based combustion sourcas. BExamplas far thase ara tha
Burgpaan Union Dirsctves 19893Q0EC, 2001/81/BC and 199932'EC. Bul sinca (haré wara nao
sulphur limits for maring haavy fual ails, thasa now conlain a high amount of sulphur ralativa o aothar
fuals.

Burning aof fual gives nsa to 50, and S50, larmation, which damagas sansilive acasystams and
buildings. In the marnna boundary layer aspacially shps confributa to a high input [Capalda at al,,
19849). Anathar by -product of fassil fual buming i the amission of N0, In manna ragons with high
fraflic, ships may incraasa MO, levals significantty. Both, 20, and NO, and addiionally sool pariclas
nat anly causa anvironmanial damaga but also haalth damaga. MO, lar axampla incraasas, as wall as
valalila arganic compaunds, tha farmation al ground leval azana. If tha Oy concantration i alavalad
apbowva national sfandard levals (US EPA: 012 ppm) it may causa lung and raspiratory disondars.
Addiionally soma matarials lke rubbar, nylon, plastic, dyas and paints might ba damagad by azona. A
study ravaalad thal chikdran fram rural Onlario communities show a dacraasa in lung funchion and
highar suscaplibility for bronchitis [Mac Phail at al. Also plants, 2.g. agricultural craps and treas, ara
nagalivaly allactad by incraasad ozona concantrations [WHD 1997

S0, and alzo ND, ara also responsiole tor the formation of acid rain. Ackd rain dascribes a
phanomanan which has baan known sinca tha sarly 19702 and which has caused a numbear al
proplams [Drscall &t al. 2001]). For axampls in sails cations lika Mgi' and Ca™ are leached whereas
sulphur and nitrogan concantrations incraasa Additionally the harmiul dissolead inarganic Al
incraasas which influancas the walar uplaks capacily of fress. Marsowar trea marfality has rsan
bacausa calcium is kachad ram tha naadies of gymnosparms tharaby incraasing thair suscaplibilly
to fragzing injury. In lakas tha acd nautralising capacily i still dacraasing resulling in an incraasing
acidiication and aluminium contants rasulting in a dacraasing spacias divarsity. Modal calculations
show that anly with a makad raduction in sulphur eamissions a maasurabla chamical improvamant al
tha atlaclad acosystems s possiola. In many araas, mainly closa lo tha majr shipping roules and
haours, sulphur amigsions from ships may aqual nalural sourcas. Tha EBuropsan Enwviranmanl
Agancy astimates thal shipbormea contributions from intarnational shipping in the Morth 5a3 and nadh-
azst Allantic Ocaan o tofal Burgpaan aciditying amissions may aboul doubla by 2010 as a rasult of
incraasing manna tratfic (Fig. 1, EEA, 2000).
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Fig. 1 Eztmates of shipbome conlbutiona o fotal Europsan MOy and S0. emissiona 1950 — 2010 (EEA,

20000)

Ta ragulala aspeacially this anthropaganic impact of 50,, an inlamational instrumant on air pallutian
fram ships was davalapad by the Maritima Organiation in 1997 Marpal Annax VI, Mamaol Annax VI
was ratibiad in May 2004 by 15 flag slates raprasanting at laast 50 % of tha grass lonnage of tha warld
manchant shipping. I will comea inko forca in May 2005. Furtharmarg, it has 1o ba 1akan info account
thal tha cost of limiing the sulphur confant of marnna bunkar qils in tha Marth and Baltic Saas o 1.5 %
{tha maximum wvalua actaptad by MARPOL) has baan estimalad al about 87 million € par yaar.
Equivalant reductions in lolal amissians from landoased sourcas (such as powsar stations) would cosl

apaut 1,150 millian € per yaar.

Amang athar ragulations, Mamal Annax VI will introducs a 4.5 %% sulphur limil far manna fuals and a
1.5 % sulphur limif for marina fuals burmad in tha so-callsd 50, amission confral araas. Burning af fual
with highar sulphur cormant i only allowad whan lachnalogiss ara usad which reduca tha almospharic
amissians fram ships to less than 6 g kwWh ™ (as S0, mass). Fluegas desulphurisation procassas lke
far axamples saaw alar scrulbbing ara ana passibls lachnalogy [Tokarud, 1983). Thasa syslams ara no
new lachnolagy bul have baan usad workd wida sinca 1930 in coal powar plants located clasa 1o tha
583 |cl. Bahrands and Lisbazai, 2003). Thair main fask is o reduca the sulphur diaxida (504) and
athar sulphur oxdas (50,) conlants in tha axhaus! gassas which are producad fram burming high
sulphur conlant coal. Addibanally nitrogan axidas (MO, ) and padicul alas ara ramavad parially from tha
axhaust gas. The raduction and tha thaoratical alffacts of a saawalar scrunbar systam ara dascribad in
datail in Behrands and Ligbazail [2003]. Tharaatlar 50, and MO, disala within tha scrubbar atfiuant
ard form nitrie, nitrous and sulphurc acids. Thasa mighl, on ana hand, raduca tha pH of tha racaiving
walars and, an tha athear hand, might dus ta tha input of nitrata kad o sutraphication.

Basidas gassous companants ool is also formead, aspadcially during incomplata combustion. This s
mainky madsa up of slemanial caron with the padicular tealures of a large sudace ama and a
hydrophabbic characlar. Manpalar substancas immadialaly adsom anto thasa parlicles and ara than
tranzpariad with tha sool from the combushion sourca. Polycyclic aromatic hydrocarbons (PAHs

constiiula a maor goup of thesa substancas. Whila tha low malacular waight PAHs such as
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naphthalana (wo nngs) or phananthrana and anthracana (threa nngs) ara mainly found unbound in
tha gaszaous phase aleady a majr fraction of the four-ning mambars lka pyrana, chrysana and

banz|santhracana ara bound o thesa carbon pariclas.

Tha flormation of PAHs and a magr pad of all rieactions thal take placs dunng combusbon have baan
presamad by Duran at al. 2004, In addibion o this pyrohdic formation thara ara savaral athar PAH
sourcas such as patroganic all formation procassas. Inthis casa thasa compounds ara craatad during
tha skw maturation of arganic material. With ragard 1o the sourcas of PAHs thara is a broad spacirum
al passibiliias far tham 1o arar tha anviranmant indusirial wasiawalar, straal dust runoll discharges,
dapasibon of tossil fual combushion particlas, camonizad coal product spills, forasl and grass fires,
valcanic padiclas, ail spills ar natural ail saaps (Wil and Trost, 1999; Laks af al 1979, Laa at al
1981]. Usually PAHs ars occurning in a complax mixture of somars and akylatad somars [Wisa &l al,,
1983). Low malacular waight PAHs with Iwo or threa nings ara prasant normally in digsoblead farm in
walar ar gassous in almasphara. Tha highar the malkacular waight tha mare hydrophabic thay bahava
and tha mara thay ara bound lo pariclas |Ahrans, Dapraa, 2004, Plail at al, 2004, Doang and Lin,
2004]. Tharafora highast PAH concantrations aré to ba found in sadimanis [Malt 18979; Paarlman =l
al., 1984).

Taking all sourcas in consdarabion it i nol surprising thal PAHs hava naol only bean dataciad in
sadimanis bul also in tha almasphara, walar and sails all avar tha warld [Fung &t al. 2004, Soclo &t al
2000; Paotrykus at al. 2003, Pravadouras &l al. 2003). Bacausa somsa aof tham ara loxic |Bispo & al.
1999; ElAlawi at al, 2001], soma inhiod plant growth [Sudhakar Babu &t al. 2001, Marwood &t al
2001] and sama ara carcinaganic and mutaganic [ATS0DR 1997 thair distrioution and bahaviour in tha

amdranmant has baan subjac! o savaral studias.

Whan PAHs are introducad inlo the eamvironmeant savaral reactions may ocour. Besidas fo tha
descripad adsorplion fo padicles and also dissabad arganic malanal (OM) [Sun &l al, 2003],
phaloaxidation is ana of tha majar raactions. In mosl casas thasa pholoaxidized forms ara avan mara
taxic than tha parant compounds [Sudhakar Baou et al, 2001; El Alawi at al, 2001; MeConkay at al.,
1987, Anklay al al 1984] For axample the photooxidized torm ol anthracans inhigils tha
phatosyrthatic alactiron transpord syslam [Huang at al., 1987

Bialogical dagradation, mainky dus to microbial action [Weassanlals &t al, 1982, Heailkamp and
Camiglia 1983], i anathar impadant factar in ataration and reduchion. In this casa it has 1o ba takan
into considaration, that dagradation of combustion darmved PAHS s axpeaciad to ba slowar far PAHs
fram patraganic arigin [Yunkar & al, 1996; Mc Groddy and Farnngbaon, 1985; Gustatssan at al, 19497]:
In addition, tha PAH concanirations [Yuan &t al 2001), the amount aof lalal arganic caman [Hinga
2003; Wabstar at al, 2001] and tha particle siza |[Schnalla-lrais o al. 1998] seam to play a rala in
ramaving and dagradation of PAHs fraom ar in tha watsar.

Addiianally it has %o ba takan imo account that bacausa of the dilerant sourcas of thasa PAHSs, thay
show a distingl seasonal variabilty |Pravadounas at al, 2004] and alko degradaton might show
sagsonalty [Pahlman at al. 2002). Tha sa changas concam mainky' combustion-danvad PAHs. During
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3 Introduction

winlarima whan thara & lot of wood and ail burning, amdranmantal concanfrabons nsa. In soma

ragians forast fires in summear might also influanca tha saasanality.

Tha dalarmination af tha arigin af PAHs is normally padarmad by tha ad of diffarant indicas [Saclo al
al., 2000; Potrylkus at al, 2003, Laka al al., 1973; saa balow]. All in all about 600 PAH-structuras
[MIST 1997] hawe bean classiiad and 16 of tham hawva bean dafined by tha Uniled Stales
Emviranmantal Protaction agancy (LIS-EPA) 1o ba amviranmantally ralevant [US-EPA 610). Thasa ama
alza tha most comman and bast axaminad PAHs in tha lilaratura.

During the prasant study tha impact of a Saawalar Srubbar (SWE) 1o reduca almaspharic amissians
was axaminad. Tha ship which was aquippad with thie lBchnology was tha "Pnda of Kanl®, a tamy
aparating batwaan tha harbours of Dovar and Calais. Tha main focus of tha survay was tha hamours
ard tha saawalar within tha systam of tha SWES. Fiva samplings wara parfarmead, aona samgpling whila
tha SW3S was notl in usa (11022004) and four whan tha SWS5 was pardially in usa (March, July,
Saplamibar and Movamibar), which maans thal only the saawalar scrubbars for the auziliary anginas

wana warking.

Bacausa both pards are influancad by lidal curmanis, the pH and tha salinity showad a high natural
vanability. In ftrant of tha outlat of the saawater scrubbar no dacraasa in pH could ba dataclad, bul
alfluant walar was about 0.4 1o 1.8 pH unils lowsar than tha inflow and tha watar within tha hafour. An
aftact an lamparatura could anly ba datarminad durng the samgpling in July and Saplambar.
Catarminad malal concanirations insida tha harbour wara mostly within tha ranga of the usad Allantic
walar salinity standard. Tha comparnson batwsean the SWS-inkst and tha SWS-outlat water did anly
indicate a nsa of tha zing concantration which might havan baan an alfact of tha sampling. Insida tha

systam inon and vanadium wara incraasad but mast of it was amassad insida tha sallling tank.

Within tha harbours a ssasonal vanabilly of PAHs was delarmined with geanaraly  highar
concantrations in tha wintar, aarly spring and lale autumn. Comparing tha saawalar inlat and oullsl
samplas, PAH-concantratians in tha aullal wara aboul wo ardars of magnituda highar than in tha inlat.

Sulphata and nilrala wara anly incraasad inside the saawatar scrunbar bul not insida the parts. Tha
taxicity tasts did nat claarly revaal an incraasad loxicity.
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4. Matarial and Mathods

4 Material and Methods

41 pH - buffer capacity of natural seawater

Tha aim of this test was o astimata the bulfar capacily of saawatar and tha tima nacassary 1o rmach
pH-aquiliorium after acid addition. Tha rasuls could aid o praedict the influanca of the Ecosilancar
impacl.

Fiva ditfarart natural sa3- and brackish walar samples [(Jada Bay, Wilhalmshavan, Garmany; Ems
Hiwar, Papanburg, Garmany; Odansa hamour, Danmark; Dowvar harbour, England; Calai harbour,
Franca). Tha dilarant saawalar proparhias ara listad in Tabke 1.

Takle 1: Propedies of the different niver- and ssawaler samples used for the assays

g galnily pH samping 1est
[ped] temperaiure temperaiure

[T] [T]
ha=zsau harbour, Jade Bay, 30 8,0 3 225
Wilheimshaven, Germany
bz yver Werdl, Ema River, 0.3 EPE | i 226
Fapenburg, Germany
Limdos, Odense, Denmark 1.4 Tar 34 20,1
Caae harbour, France 18,3 B Eji ] =24
Dowver harbour, Endland 4,3 785 7.4 22 4

A00 mbL saawater each wara acidiied with a mixtura of HNOs and HS04 (1 0 1.48, viv) o a linal pH o
4.0. Tha mwing ratio of 1 fo 1.48 was chosan bacausa ol the axpaclad compaosition of tha SWS
Ecosilancar affluant (suphur comant in fual = 35 % and four main angings and o ganaralors
running at 85 % MG H). Tha pH-valua of pH 4 was chosan bacausa of tha worst cass astimatad pH ol
tha SWS Ecosikbncar and coaling watar mixtura alfluant dischargas. Tha acidiiad watar was than
mixad with tha uniraated seawalar in diftarant combinabions (Tablas 2.

Table 2: Compoaitona of mxures dor pH butler capaaty fest. (Mxwurea im iglics were not perommed for every

as=ay)
acidied seawaler naiural seawater aimng speed

[pH 4} [ml] [about pH ) [mL] [Em]
50 450 250
100 400 250
150 a50 250
200 00 250
250 250 250
250 250 250
300 200 250
350 150 250
A 100 250
450 S0 250

250 250 0
1 (o i) 250
S Sinr 250
50 Z50 1 (hiht

5
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4. Matarial and Mathods

Aftar mixing tha nalural and the aciditisd samplas, tha pH was maasurad in ragular intarvats until no
significant changa in pH could be apsarvad any mara. Mormally the tast was sloppad allar threa days.
Tha pH for tha ditarant fractions was plofled against tima and tha pH in equiliorium was plofied
agains! tha parcantags of pH 4 saawatar in mixtura and analysad.

4.2 Polycyclic Aromatic Hydrocarbons

Savaral lasls wara pararmad lo astablish tha bast mathod for tha axbrachion of PAHE on tha basis o
tha highas! racoveary rala. In the past liguid-hquid axtraction was tha commanly usad lachniqua o
axtract PAH: from aqueaous solubions, but as thie mathod s cumbarsama, labour inlansive, axpansiva
ard nat anvironmant-fnandly dus o is large salvanl consumpbon, a kess axpansive and aasiar
malhod was dewalopad. Salid phass axtrachon (SPE) was considerad to ba the basl mathod,
aspacially as this mathod & Bvourably rapartad in WMarature [CGroziar &t al, 2001, Titato and Langas,
2000; Garcia-Fakeon at al 2004] and diffarant applications ara availabla [Agikent Tachnologies,
Macharay Magsal]. Tharalora differani Salid Phase Exfraction sorbants, diffarant sampls praparations
and diffarant soklanis weara lastaed. For a compansan af tha rasdlis the fradianal liguid-liquid
axfrachion [LLE) was alsa appliad. In a sanas ol assays thea fallowing lopics wara invashigalad:

# influanca at SPE-sarant

# influanca al alution sakqani

« influanca al acatana addiion balara axtrachion

« racovanas lar Dovar and Calais walars

&« incunation tima of intarnal standard mix (fractionation of padiculala and solubla PAH fractions)
« racovary rata in afificial saawalar far liquid-quid-axiraction (LLE) with n-haxana

Faor statistical raliability at laast 3 paralisl axparimants wara padormead for evary fast. In avary
axparmart 500 mL of the matrix ware spked with 1 mL of a 100pgL" PAH mixture in acetana
(Sigma-Akdrich Chamie GmbH, Taukirchan Gamany) comaining acanaphthylana, anthracansg,
banzol santhracana, banzo| BHluaranthana, banza(kfluaranthana, banza(gparylana, banzo{apyrana,
chryzana, dibanzolahlanthracans, tluarans, indano(1,2,3-cdpyrana, phananthrana and pyrana. Tha
final concaniration was 200 ng PAH L. Additionally 1 mL of a 100 w L™ Intemal PAH Standard Mix
solubaon  in acsetonga was addead (Dr. Ehrenstoder GmibH, Augsburg, Garmany)  confaining
acanaphthana-010, chrysana-D12, pardana-D12 and phananthrana-D10. Thea first threa fasts which
ara mantionad above wara padarmad in adificial saawalar [RHIPSUa at al 1978] producad with

danisad watar, tha ramaining lasts with natural saawalar.

Tha SPE-carfndgas wara conditionad with 5 mL Mathanal and flushad with goout 100 mL daionisad
walar. Tharaaltar 500 mL sampla wara aspiralad slawly ovar tha 5PE sarant. For aextradtion 2 + 3 mL
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dichloramathana (DCGM) wara usad. An aliguot of 1000 gL from the rasulting 5 mlL axiracl was
transfarred into a 2 mL amber glass-vial and 100wl of a 10 yg mL™ TBrB ware added as injection

slandard {InSTD). Tha algquot was analysed by gas chromalography/mass spaciromalny (GE-MS;
GG HP 88390, MS: HP MSD 5973, Softwara: Chamstation G1701 CA) in Singla lan Manilaring (SIM;
saa Tabla 10

Hacovanas wana datamminad by cakulating tha ratio of the meaasurad PAH concantration and tha
concantration addad 1o tha matrx. Tha maans and tha standard devialions wara calculalad. In tha
falkrwing par tha ditfarant assays are dascribad in datail

1. Intluancs ot SPE-sarfan

Threa dittarant SPE-somants ware usad, all manuaciurad by Macharay-Magal GmbH & Cao KG,

Diran, Garmany.

« Chromabond BASY: a bifunchional madihied palyslyrana divinylbanzana copolymear phasa (spacific
surface 650 - TOOm2 g, pardicla size B0 um, pare size 50 hngshclm. pH-ranga 1-14).

« Chromabond C18 ac: an odadacyl silica andecappead somant (basa malarnial silica, para siza 60 A,
particle siza 45 pm tor 18 ac, 100 ym for C18 ac t {last tlow), spacilic surfaca 500 m° g, pH
stanility 2 - B, andeappad, caon comant 14 %)

« Chromabond C18 PAH: an ocladecyl silica phasa for PAH analysis (&0 A, parlick siza 45 ym,
specific surface 500 m? g, pH stability 2 - 8).

Exparnmants wara pardarmead using artificial saawalar.

2. Influanca af Elubion Saklvant

SPE-carfndgas fillad with Chromaband C18 ac wara usad far axtrachion, twa diffarant alulion salwanis
wanrna lasiad:
# dichloromathana

# n-haxana

Exparnmants wara padarmad using artificial saawalear.

Tha axtraction was parlormad using Ghromabond CG18 ac and BCM as alution salvant. During thasa
aszsays threa diftarant amounis of acalons wara addad o tha sampla balora axiraction.

« 2mlL acsiona (0.2 %)

« HmL acalana (1 %)

« 10mlL acaiona (2 %)
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4. Matarial and Mathods

Tha malnx was arificial saawalar.

4. Hacovary rates in Dovar and Calais hardbour walars

Az nalural seawalar takan from Dovar and Calais hamours was already confaminalad with PAHs,
anathar racovary axpanmant than thal desoibed above had lo ba awaculad. In this casa thraa
samplas of 500 mL Dovar (11.02.04, slabion 7} and Calais (11.02.04, station 2) saawatar wara fillad
inta round flasks and spked with 1 mL of a 100 ng mL " standard and inlemal standard salution.
Thasa samplas wara than axtractad using SPE-C18 ac¢ and DLCM as alution solant. Thraa additianal
500 mL samplas from aach harbour wara spkad only with tha intarnal standard. Tha ratovanas ama

than calculatad by diftaranca (saa aq. 1).

PA, 1 Pay |
I:I"l"h_,ih'n' S‘I-!' ol I:"".h_,i.'u'n' Sr-e' "ol

RR= LD (1}
C e
P, - paak aes ol spihad Sample
Fiiram = paak araa of Injeclion Sandard
= = gliopa ol calibraion line
Fitgz = paa aras ol unspiked Hank sampls
G = cancanragan al PAH spike

Far this axparimant tan subsamgples of 0.5 L aach, takan rom a 20 L sampla (24.3.2004, station &
Davear, “Princa aof Whalas Piar’) wara lillad info 1 L ambear glass bollles, acidiiad with 2.5 mL 50 % HCI
and mixad with 0.5 mL 3 % sodium thiosuphata. Addibionally the samplas wara spkad with 1mL al a
100 pg L PAH-mix and an aequally concantrated ISTD Mix, closad and fixed an an arbital shaker. Two
subsamplas mada up ong group and wara axtractad aftar 1T h, 2 h, 4 h, 8 h and 16 h. Than tha
racovanas and the parcanlagaes of tha solubla and the pardiculata fraction wara dalaminad. This
pratacal was also usad far tha datarmination of tha mathod rapaatability and tar the caleulation of tha
accuracy af tha mathod.

T. Liguid-Liquid- Exfraction

As liquid-iquid-axiraction (LLE) was for lang tima the standard mathod o axtract PAH from walar, this
tasl was parformad as malaranca. For axtracton 500 mL artiical saawatar wara spikad with 1 mL
100 pg L PAH-Mix and 1 mL 100 pg L™ ISTD, acidified with 2.5 mL HC1 (50%%) and filled info a 1L
saparation funnal. Tha PAHs wara than axtraciad with n-haxana (20 mL, 10 mlL, 10 mL). All axtracks
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wana combinad, raducad in a rotary avaporator to drynass, takan up in 1 mL DM and, atlar addition
al InETD, analysad by GG MS.
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5 Material and Methods: Determination of environmental
parameters and pollutants

5.1 Sampling points, Sampling, Transport and Storage
511 Sampling in February and March

Samplas wana lakan al nina dilarant station insida tha harfoours of Dovar (Fig. 3 and Tabke 3) and
Calais and al two (11.2.04) and twalva [24.3.04) places, respaciivaly, insida tha angina room af tha
“Prda of Kanl during bar aparation insida tha hadoours and an tha shigping roule balwaan Dawvar and
Calais (Fig. 2).

Lo !PT A TR RS 110 L

Fig. 2:  Geooraphical poaifon of Dover and Calaia and rouie of the “Pride of Kent” in the Channsl

As tha Boosilancar was nol aparativa durning tha first sampling on 11.2.2004, anly two samplas wana
takan from tha ssawalar scrubbear systam: ane from tha inlat and ana from tha oullal. Tha samplas
shawn in Fig. 3 (lalt) wara also akan fraom tha saawalar inlat. While tha ship was anlaring tha
harfoours of Dovar and Calais, samplkes wara lakan from tha inkat and outlat. In tha Ghannal additianal
samplas wara {akan al tha points listad in Tabla 5 aftar some lima of aparation at normal kad.

Far thea firsl sampling claanad 2 L palyathylana flasks wara usad and rinsad with sample walar batara
filling. Far tha sacond sampling, the PAH-samplas wara slorad in 1 L ambar glass bollles (bakad aul
al 250 °C far 24 h and rinsad with 5 % HC). Each ana was fillad with 1 L of sampls and aflar that 5 mL
50 % HC and 1mbL 3 % sodium thiosulphate ware addad 1o deactivale frea chlanina and lo pravant
samples from micrabial dagradation. Far nuinant and matal samplas 1 L palyathylana flasks traatad as
tha athar palrathylana flasks mantionad balara wara usad.

10
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Takble 3:

middla of *Prida of Kanl
Trant of “Prda aof Kanl™

Sampling pointa im Dover 1102 2004 and 24003 2004-05-28
11.2.2004 2324 .03 2004

sampling point  descriplion sampling poinlt  descriphion

¥ hamaur artranca A Churchill Hoal Baach

g miiddla part L Princa of Walas Piar

2| Cluay 4 T back ol *Prida af Kant®
2]
]

Fig. 3:

Table 4:

Takle 5:

Diovwver harbour sampling points (ledt: 1123004, right: 24.3. 2004)

Sampling poinda in {alaia

Sampling paint Dascrphion

Cal1 Cluai an aau profonda
Cal 2 (uai da sarvica
Cal3 {Juai da la Laira
Cal4 Jataa Duasl

Sampling points on board Pride of kent'

Sampling pairt  Dascriplion

sazwatar inkd

dilulad ovarboard discharmga
autlat fram LS filkar

dirfty watar o saltling lank
inkat ta LS filbar

walar raturn from Boosilancar
tap of sattling tank

battom of sa11|ing tank

B = n 4= L3R =
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Fig. 4: Fhotographs of the seawater scrubber sampling points inside the “Pride of Kent”. L.; Point 1 seawater
gonubber inket. ML Point 2 seawater scrubber outlet. M. Point 3 and 5 cutet and inlet of LS filler,
top of cydonea. R Poind 4, 7 and & ube going 1o the sefiing 1ank and fop and botiom of sampling
18k

Insida tha harbours 50 mbL waltar samplas tar plankion datarmination wara takan a5 wall. Thasa wana

mixad with 10 draps “Lugal's salution” (20 g KJ, 20 g Jz, 200 mL daionisad watar, 20 mbL acatic acid).

All boltles wara ransporad in cooling boxas diractly 1o the laboratory (max. 30 h), whara thay wara
starad, with sxcaplion of the planklon samplas, dagp frozan at -18%C unfil turthar traatmant ar
axfraction. Tha plarkion samples weara allowead (o salile and the sample was analysad undar an

invariad microscapa,

5.1.2 Sampling in July, September and November

As lar the samplings in July, Saptambar and Movambar iwo small boals wara availabla. Tha sampling
paints changed and samplas wara alsa takan insida the hamours and within a transact fram tha aulls
al tha saawalar scrubbar tlowards tha antranca of tha habours. Tha sampling paints, the dascnplion
and cooardinalas ara givan in Table 6 Table T and Table 9. In Tabla 9 tha sampling timas ara alsa
givan. Tha sampling points S0, 502, 501, 5G2 and SCH1 to SCHB ratar o tha sampling points o
tha saawalar scrubbear insida tha “Pride of kant®, whara S0 ara the ssawalar scrubbar samplas (akan
in Dawear, SC ara tha samplas (akan in CGalais and SCH ara tha samplas lakean during tha Channal
craossing. Hih and low waltar imss and flow tor all samplings ara shown in Table B, As the "Prda ol
Kanl did not barh al the pradicied quay during the sampling in Seplambar tha point C 0 was naol
takan al tha sama place as C 5 bul al a parallal quay.

12
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Tabla 6: Sampling paints in Calas far tha samplings in July, Saplamibar and Movamiar

Sampling paint  Dascrphian

Cal1 Cuai an sau profands
Calz Cuail da sarvica
Cal3 Cluai da la Laira
Cal4 Jalaa Duast

ca batara amval of "Pald”
G5 5 m tram thea outlst
50 50 m from tha outlal
Casd 350 m fram the oullal
700 F00 m fram tha outist

Sampling paoint  Dascrphian

Daaw 1 aastarn antranca

Daaw 2 waslam anfranca

D 3 middla part

Caw 4 chasa lo Princa of Walas piar
0o batara armval af " Pak”

b5 5 m fram thea outlst

O 50 S0 m from tha oullal

O 3s0 350 m fram tha oullal

O vad T00 m fram tha outlat

M ]
5

o Lgianie Corjie

Takls & Hgh and low water times (Ao Swww.mobilegeographics. com|

sampling par flow kot wialar high walar
February Calais  11.2.04 344 11.2.04 10:45 11.204 1607
Dowar  11.2.04 1537 11.2.04 22:37 12.2.04 2:56
March Calais 23304 1421 23.3.04 2114 24.3.04 236
Cowar  24.3.04 004 24.3.04 7104 24.3.04 12:23
July Calais 13704 10:50 13.7.04 1735
Dowar  13.7.04 9089 13704 1611
Seplamibar  Calais  B.9.04 B:08 BA.4 1432
Dowar  7.02.04 4:28 Ta.M 1107 TRMITM
Movambar  Calais  17.11.04 327 171104 1037 17.11.04 1552
Cowar  1611.04 1233 16.11.04 1948

13
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Table 9 Coordinates of sampling points and fme and date for samplings

Paint coond. M coand. E July Saplambar Maovambar

Call 50°58.161° 1°51.491° 137040840 B9048:50 171104 1030
Cal2 50°58.1800 1°52.042° 137040900 go049:05 171104 1000
Cal3 50°57.385F 1°51.562° 137040940 B9.048:30 171104 0940
Cal4 50°58.010 1°50582 137041000 BA048:15 171104 0930
co 50°58.052 1°51,38 : BA.04 1115 17.11.04 1100
C5 50°58.044 1°50827 137041150 B9041145 17.1104 1140
C 50 50°58.079 1°50.846° 137041200 89.041200 17.1104 1150
C350 50°5B.15%7 1°50634° 137041210 B9.041205 171104 1155
C700 50°58.311 1°50.457 137041230 B9.04 12490 171104 1200
Dov1 51°07.109 1°20.459° 147041345 7904 1445 161104 1235
Dav? 51°06.914 1°19.748° 147041350 79041505 161104 1300
Dov3d 51°07.100 1°19.854" 14.704 1400 7904 1510 16.11.04 1305
Dov4 S51°07.149  1°19.327 14.704 1405 7904 1517 161104 1310
oo 51°07.584 1°20.408" 14.704 12330 16.11.04 1315
D5 §51°07.570 1°20.361° 147041305 79.04 1410 161104 1320
D 50 51°07.526 1°20.387 147041315 79.04 1425 161104 1330
D350 S1°07.411  1°20.500° 14.704 1320 79.04 1435 161104 1325
D700 51°07.282 1°20.589° 147041330 7904 1440 161104 1335
S - 14.704 1800  79.04 1930 16.11.04 1815
sD2 14.704 1800  79.04 1930 16.11.04 1815
SCH1 14.704 1830 79042000 161104 1850
SCHe 14.704 1830 7904 2000 16.11.04 1850
SCH3 14.704 1855  79.04 20110  16.11.04 1850
SCH4 : TA042010 16.11.04 1855
SCHS 14.704 1910 79.04 20115  16.11.04 1800
SCHE 14.704 1915 7904 20015 16.11.04 1855
SCH7 78.04 2020 :

SCHA : 16.11.04 19:00
SC1 14.704 1925 7904 2055 16.11.04 1940
sCe 14.704 1925 7904 2055 16.11.04 1940

5.2 Temperature, pH, Salinity, Oxygen

pH-valuas wara maasurad diraclly allar sampling using a pH-Malar [WTW pH 220WTW-SanTie 81)
calioratad with two diffaran! bufter salutions (pH 7.00 and pH 4.01, Mattlar -Talado GmioH, Analyical,
Schwarzanpach, Swilzarand), Salinity, conduchvity and tempearatura wara datarminad alactranically
[WTW Cond 3151, Wailhaim, Garmany) as wall.

Cxygan during tha first sampling was dalaminad by using a Winklar fitrabon kit (Marck, Garmany)
Curing the sacond sampling (24.3.04) an axygan akbclrods was usad (Hach LOD HQ 10, rangsa 0-
20mg L, Dissaldad, Garmany).
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53 Metals and sulphate

Malals wara datarminad using Inductivaly Couplaed Plasma Oplical Emission Spactoscopy (IGP -
OES). Pra-traatment included acidification (5 % HMO,) and filration (Sydil Mixed Callulosa Estar
Filtar, & 25mm, 0.22 ym MF, Whalman, Maidstona, England; Marm Jal syringa, Tulflingan, Gamanyl
Far dalarmination mainly alamants which arg includad in tha ships procassas wara chosan. Thasa
includa tha transition mealals vanadium, chromium, manganasa, iran, caball, nickal, coppar zine and
malybdanum. Addibonally tha aarth matals barium, lithium, strantium, calcium, palassium, magnasium
ard tha sulphate conlants wara maasurad. All samplas wara analysad by the working group ° Inarganic
Geochamistng” al tha Institute tor Chamistry and Biology of the Saa (ICBM) at Okdanburg Univarsity,

Garmany.

54 Polyeycelic Aromatic Hydrocarbons (PAH)
54.1 Calibration, determination of accuracy, Carry-over
Az tha 16 EPA PAHs ara tha maosl widaspraad and commanly detarminad PAHs, thase compaunds

warg also chosan for dalarmination during this work. A composition of the nameas, synanyms and

majar physical proparias i shown in Talols 11.

Takle 10: Groups of PAHs defned for GO-MS SIM-method

group  Rab tima GCompound M5 mass
1 - naphthalana 128
2 12.52 acangphthylana 152
2 13.06 acangphthana 154
2 12.96 acanaphtana-010 164
3 14.80 fluarana 166
3 17.14 12,4 5-atrabromobanzana 39arF
4 18,11 phananthrana-0i0 190
4 18.16 phananthrana 178
4 18.32 anthracana 178
5 22.49 fluaranthansa 202
5 23.149 pyransa 202
5 27.41 banzalg)anthracana e
5 27.52 chrysana-D12 244
5 27.96 chrysana 228
& 2118 banza|b]|flvararmhana 252
& ) banza|klluaranthana 252
& A2.10 banzala|pyrana 252
& 3233 parylana 264
7 3523 dibanz|a f)anthracana 278
7 3537 indana (1,2,3.¢.d) pyrana 276
7 36.07 benzolghlparyleane 276

Calibration was perlormad by diuting a 500 mg L' PAH Mix (Sigma-Aldrich Cheamia GmbH,
Taulkirchan Germany) to concantrations in a range fram 1 4o 1000 ng mL™" thres tmes. From avary

dilution of the standard 1 mL was filled inko an amber glass GG-vial and 50 L of a 10 ug mL ™" af
15
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1.2 4 51aerabromabanzena (TBrB) and 50 L of a 10 ug mL" squalane solution were added as
inaction standards (Inf5TD). Far tha samplas thatl have bean (akan dunng the tourdh, fdth and sth
sampling squalana was nol usad as injachion standard. Tha caliration standards wana praparad far
aach chromatographic run and meaasurad randomly distribuled ovar aach analysis saquanca. Far
lingar ragrassion batweaan concantrations and paak argas in ralation o InSTD the slatistc program

Sysial 8.0 was usad (command file sa8 appandix).

Far dalermination of tha linaar ranga of the GG, a calibralion saries using ning concantrations in tha
range fram 2.5 ng mL™ to 1000 ng mL " was analysed. The linaarily was then delerminad by linear and
nanlinaar ragrassian af the calibration sanas with tha nina differant dilubion staps. Far linaar ragrassion

tha function

y=a-x+b (2]

and tar nonlinaar ragrassion tha function

y=a+b - x+c-x? (3)

wanrna fitlad to tha data. With thaza tha valua ﬁ' coukd ba calculatad, which in tha basl casza should ba

tha zama valua as the concantration y of tha standard. In the naxt step tha residual-standard-deviation

was calculatad accarding to

Y S TN
¥_ dmwar 1]"}'—2 g o e

5 _ [I_ N ( N ::IJ [5#
¥ _ nonidn car N_3§ .'I'r .1'r

whara M i tha numbar of dilution steps, v tha amployad concantration and ;'1h£| concantratian

calkculated with thea linsar and nonlinaar functons, respacivaly. From thasa valuaes the dilleranca DEF
can ba calculaled accarding o

1

Lo IN=Fs (6)

DSt=(N-2).5"
With this valua the axamination variabls EV as

D§?
EV=sg—— (@

5

7 _ nonlmoar

was dalarminad and comparad o F (P=088% 1, = 1, {; = MN-3) rom a FHapla. If EV was smallar ar
agual F tha nanlinaar function was nal significantly batlar than tha linaar fundion. If this was nol tha
casa, tha highast concantration was takan oul of the caleulation, a new function was calculalsd and

EW was cakulalad again.

16
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Accuracy af the GG was delermined by measuring the 25 ngmL™" and 500 ngmL™ concantralions
aight timas. To chack for carry owvear, salvani blanks (DCM) ware analysad distributed randomly ovar
tha chromatographic run.

Tha limit of dataction (LOD) was datarminad as thraa timas the standard deviation (IUPAC critanan) al
tha 25 ng mL™" concartration.

Thasa lask wara parformad for tha analysas with tha split splitlass ingctor and also far the samplas
analysad with tha cald inpctiaons systam.

17
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4. Material and Mathods: Detarmination of eanvironmanial paramsatars and pallulanis

54.2 Extraction

Walar samplas:

All wassals usad for axfraction wara rinsad with deionised waler, mathanal and DCM batare usa. Aflar
thawing, 1 mL of 100 ng mL" internal standard solution was added 1o 0.5 L sampla. After tharough
mixing, tha sampla was filarad with a preaxtractad (10 mL DCM) glasstiors fillar (GFC, Whatman,
Maidstona, England).

Tha filtar was culin small piacas and tha particulate mattar was axiracted ultrasanically thras timas tar
10 min with a mixtura of dichloromathana’acatana (511 wiwvh Far tha first stgp 15 mbL and far tha
sacond and third stap 10 mbL of this mixz wara usad. To ramova pariclas tha axtract was claanad with
tha SPE C18 carndga usead far tha axtrachon of tha dissolvad PAHs. Thea axtract was concantraled to
about 0.5 mL by rofary evaparation (Bochi, Swilzarland, 35, 700-500 hPa) and transfamad o an
amibar glass GC-wvial. Tha flask was than rinsad with DCM and tha rinsa was addad 1o tha axlracl Tha
whala valuma was than concantratad ta 1 mL (M) and tha InSTD was addad.

Tha saawalar filtrate was axtractad by SPE using C18Bac carridgas, which turmad out to giva tha beasl
racovany rala (ses 4.2) Balara axtraction the carridges wara condiionad with 5 mlL mathanal, which
was lafl for soma lime fo 03k into tha SPE material. Than apout 100 mlL doubly de-knisad walar
falkrwad by tha sampla wara aspiraled slowly ovar tha cardndgs using a vacuum pumg (Saskia
Hochvakuum), The samgle flask was washad twica with 100 mL doubly de-ionisad watar which was
aspiralad ovar tha carridge as wall, followead by 3 mL of a walansopropanal (80:20) mixiura.

Far dasarphion af the PAHs 2 mL plus 3 mL DCM wara usad. Fraom tha rasulting 5 mL axirad 1 mL
was fransfarrad inta an amibar glass GC-wvial and mixad with InjSTD TBrB .

All samples ware maasurad randomly within ona gas chromatic run faor aach axtrachion.
Concantrations and the praportions ol the analda batwsan dissolad and particulals fractions wana
datarminad by using tha ISTD clasas! fo the ratantion tima of tha substancs accarding o aguations (8)
ta {11).

'F"I‘ 'y
e
[ 'P"I"fﬂ.rﬂ ] ]
= Dl

Cone (8)
II CLI'”I'I-HI'
Cancya = concaniration af the anakie in the vial [ng mL™]
P A = paak araa datarminad by GG MS al the analda
PhAma = paak araa datarminad by GG MS of TBrB
CL o mion = zaction ol tha calibratian lina
Clasean = gucan of tha calibration lina
Ll = dilution factor
PAH + PAH
.R = dere _ ol dend_ et ] H:H] [g#
PAH, .
20
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4. Material and Mathods: Detarmination of eanvironmanial paramsatars and pallulanis

3 3
o = PAR 4 awste 10 F.= PAR g pm 100 (10}

PAH, . PAH, , .
H = ragavary rala [Ig)
PAH s souk = oncanirabion of dautaratad PAH datarminad lar tha solubla fraction [ng mL"] )
PAH st part = concaniration of dauterated PAH detarminad tar the particulate fraction jngmL- |
PAH s amwe = concaniration of dautaratad PAH addad 1o tha sampla [ng mL™]
| = solubla fraction of tha dautaratad PAH %]
F pan = particulata fraction of tha daularalad PAH 3]

Cemne + Comne
Come,_, =f- R o ’“”j-F- L_ v, 100078 (11)
. R Llr:mp.'- -“H

Lang i = concantration of tha analya in tha water-sample [ng ] .
CONG va_sdue = concantration of the solubla fraction of the analda in tha vial [ngmlL™]
COnc..a pan = oncaniration of tha particulals fraction of tha anahda in tha wial [ng mL" ]
F = solubla pariculale fraction, respactivaly
Vi = valuma ol tha sampla axtraciad
Visa = waluma af tha axiract in tha vial

Sadimant and Mussal samplas

Muszal samplas wara anly takan anca in Calai during the sampling in Movambar. Thosa mussals
wara fakan from a harbour stilt duning &bb tida a paint C0. Aboul 80 mussals wara collactad randamby
ard pul inko a freaza bag. Tha axbraction and analysis of thasa mussals was pardarmad in the sama
way as dascribad in sacton 6.3.2. To datarmina tha accuracy of tha axtraction mathod a standard
rafaranca mussal tesus was axtradad. This was dblainad trom LGG Promacham (MIST-297 7 Mussal
fizsua - Organics and frace slamants) and exiracied twica al the sama tima as tha mussals of tha

accumulation fest.

Sadimants wara takan in July Al poins C1, G5, G700 and D5, in Saplambar al points G5, 700 and
0700 and in Movamibar al paints C5, G700 and D& All samplas wara fakan with a van Vean grab | Fig.
&), which lakas abovul 150 om? of the sudace sadimanl, and wara than transpordad to tha labin a
frasza bag. Thara thay wara dagp frazen al -18 G until axtraction. Balara tha axtraction the sadimeant
was freaza driad, coarsa pariclas ware ramavad and tha ramaindar was ground in an agata ball mill
far 30 min at 180 pm. Fram this fing, drisd sadimant 5 g wara waight into a glass baoltls and tha
intamal standard was addad. Thea axraction was padarmead ulirasonically with 20 mL and twa limas
15 mL n-haxana far 15 min. As alamanial sulphur nagativaly allacts gas chromatographic analysis il
was ramovad with alemanial coppar. Oxidas an the coppar sufaca wara ramovad by washing threa
timas with hydrochloric acid. Tha acid was ramovad by washing thraa imas with deionisad walar and
tha watar was ramovad by washing threa timas with mathanal. Thae mathanal and avantualky
ramaining arganc compounds bound ta tha coppear sudaca wara ramavad by washing thraa limas with
CCMA. Adout tan of thasa ckeanad and activatad coppar filings wara than addad 1o the axtracts and laft
thara far al least two bours. In thosa casas whama tha coppar spans tumead fotally black (coppar
sulphida) again aboul fan pecas wara added and lafl in the axract for additional two hours. Tha

desulphurisad axtract was than lillarad ovar Na50, 1o ramova tha coppar spans and ramaining walar

21
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fram tha axtract and was than raducad to aboul 2 mlL in a rolary evaparator. Tha claan-up was
pararmad an 3 silica column (5 g silica deactivated with 5 2% H2D) and PAHs wara aluled with 15 mL
n-haxana and with 20 mL of a n-haxana and LM (5:1) mix. Bath axtracks wara comibinad, raducad 1o
appraximataly 1 mL, transfarrad quantitativaly info an ambar glass 2 mL GG-vial and raducad to 1 mlL
undar Mz, Tha injaction standard was addad and PAH concantrations weara datarminad by GG-MS

Fig. 5: Van Veen grab and skin sampler for sediment and waler samples reapactively.

54.3 Determination of the origin of PAHs

PAHs in tha anviranmeant might hava difarant arigins. Although thara ara samea natural sourcas such
as ail seaps ar soma spacihic arganisms, the main sourcas ara anthrapoganic. Thesa includa ail
rakasad dunng narmal ship oparation ar from accidants and products of incomplate comibustion o
racant ar fassil organic mattar. To distinguish batwsaan thasa angins of a PAH mixtura, soma indicas
have bean devalopad in tha pasl. Tha majpr aspect usad is tha tharmodynamic stability. For axamgpla
phananthrana (Pha) & tharmodynamically maoara slabla than s structural isomear anthracana (Anth)
Tha zama is valid far fluaranthana (Flu) and pyrana [Pyr) pair. Concarning o thasa acls tha PhatAnth
ratia s highar in patraganic (=10} than in pyroldic pallutian (<10} Far Flu'Pyr a quobant ol ana was
datarminad. Thus a FlwPyr ration=1 painls o a pyralylic, while a FlwPyr rations <1 indicales a
patraganic angin.

Tha chrysana (Chry) and banzo|g)anthracana (Baa) ratio i the basic far anathar indax usad. Chry
and BaA ara darved from combustion procassas al high lempearaturas with a Chry'BaA ratio <1. Also
an indicatar for combustion darvad PAHs is a highar apundanca ol four-, fva- and six-ning PAHs in
comparnson ta tha twa- and thraa-ning PAHs, prominant in palroganic sourcas.

22
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An additional methad which was usad lo datarming tha arigin af the PAHE was principal companan
analysiz and tha ragression of samplas and compounds rasulting in difarant ragression chals.
Principal companant analysas (PCA) B a usalul tachniqua that has lound application in hialds such as
faca recogniion and image comgrassion, and i a comman tachnigua far finding patlams in dala ol
high dimansion. Tharalora PCA has also baan usad o dalarming tha arigin of PAHs |Boshm al al.,
1987, Stalla ot al, 2002; Burns al al., 19497, Branislay &t al., 2001]. Tha background of this mathod is
basad in matnx algsbra. In this case tha analyses wara parformad by using a Matlao scnpl, writlan by
M. Hulnagl (ses Appeandix). In tha first stap tha dala ara slandardisad by substracting tha meaan. Tha
naxl slap calculatas tha covarianca matnx and than tha aigarmvaciar and tha aiganvaluas af this matr
In this casa tha laatura vactor, which is latar usad tor the ransformation af tha data, was anly mada up

fram tha first two aganvaciors.

Tha ragrassion af tha compounds and tha ragrassion of the sampling poins wara padormad using tha
statistic program Systal. The sourca coda is similar 1o that ana shawn in the Appandix. In tha litaratura
this mathod was also usad o datarming PAH pallution sourcas [Adami &t al. 2000].

5.5 Plankton samples

Curing tha sampling in Fabruary and March plankion samples wara takan in 50 mlL botties and
analysad qualtativaly. Durng tha samplings in July, Saplamibar and MNovambar plarkion samgplas
wana fakan from ang, two and thras matars walar depth. From aach dapth ana litra was lakan with a
Miskin samplar [Fig. 5} and all thrae watar samples ware calleciad in a thraa lire PYC bollla. In tha
labaralory tha watar was lilarad ovar a 10 pm planktan nal and 5 mL af the concantralad sampla wara
transfarrad to an armahl counting chamibar whara the calls wara allowead o safile ovarnight. Tha
counting was parformad with an invarlad microscopa. Al 30 fo 50 randomly chosan paints all plankian
calls within the givan grd of the microscopa warg countad. Tha concantration af the countad calls
wana than dalerminad using the fallowing aquation

A-506.71 ¥
felds -0.105626.V, V__

cells fmil =

whara A i tha amount af calls countad in the axaminad waluma WV, Vs tha valuma al the samgpla

and V... & tha valumea ol the cancantratad sampla.
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6 Material and Methods: Toxicity and accumulation tests

Far thasa fasts walar was lakan from tha saawatar scrubbear inkst and outlat at paint SCH1 and SCH2
during tha tourth sampling which was parformad in Saplambar. Tha samplas wana lillad info Winklear -
batiles (250 mL) which disablad the gas exchangs balwean the zamples and tha atmosphara. This
aliows the examinalion af tha samples in the lEbaralory at nearly unchangad condibions. Tha walar
samplas, fiva fram tha inlat and fiva form tha outlat, whara trangporad 1o the lab in coaling boxes and
than starad at 4 °C for bwo days batara tha loxicily asts wara paarmad.

6.1 Lumistox

Tha bactarium usad far this l8sl was Vitrio fischeri Tha anzymalically inducad luminascanca of this
baclarium s quantilatiwly aasy lo datammina. The rmaction that (akas placs i that the anzyma
luciarasa aeidisas chamical compounds ke long chain akdahydas by aid of raducad FMN (flavin
mananuckaatida) and Oy to the corraspanding falty acid. Within this raaction alackans ara diractly
transtarrad from tha FMNH; 1o tha axygan and anargy i sal fras by amiltanca of light

Tha last, producad by Dr. Bruno Lange GmioH, Barin, is a standardized DIM (Daulsche Industina
Marm) mathod usad to analyze the contaminabion of watar. Tha last was parformad acconding 1o tha
instruchions givan in tha norm. From threa dilerant samplas fwo paralisls wara screanad rasulting in
six valuas far tha inlat and six valuas tar the outlal As blank a 2 26 Nall salution was analyzad.

6.2 Brine shrimp fest

Anathar possioility 1o datarmina the loxicly of a substance is the maralty of arganisms axpasad 1o
thal substanca. Tharstora duning this last tha modaliy of juvanila and adull brina shrimp Arlemia
saling (Fig. 6) was absarvad altar placing il into subsamplas af tha inlet and aullal watear.

Fig. &: Ficture of Aremia saling. This onganiam was used for foscity tests

Dwa ta the natural haboital of Aremig salna this aorganism is able (o build lang lasting 29gs. Two days
batara stading the tesl, aboul 200 mg o thass aggs wara placad inla 1000 mL artificial saswalar
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[RiPSUa et al, 1979]. For asrabion an aguarium pumg was usad. From tha saawatar that includad tha
hatchad juvaniles 1 mL with aboul 30 to 70 arganiems: wara fakan and pipatied ino Paln dishas
containing tha inlat and outlat watar (4 mL) Tha amaount of individuals addad was countad and altar
6 h and 24 h tha modalily was datarminad. Tha sama was padormad with 4 wask old adult Arermig
salimg spacimean. Thasa wara kapl in an agquanum fillad with seawalar takan from tha Jads Bay
(Wilhalmshavan Garmmany) and fad with an lsochnesis gabana cullure until the padarmanca af tha
tesl. To pravant the arganisms from slaratbion additionally 1 mL of this Isochnvsis galbana culiura was
added.

6.3 Accumulation test

6.3.1 Preparation and Performance

This accumulation a5t was padormad fo assass the uplake ol the releasaed PAHs by mussals,
Addiionally it was usad as toxicily 1ast by dbsarang the mussal martality whan axpasad o the PAH
concantrations obsarvad in tha oullal of the saawater scrubbar. As a high waluma ol walar was
nacassary lor this Bsl (@ m7) the walar could not ba {akan diraclly from the inlet and oullal of tha
“Prda al Kanl and ba transporiad fo tha laboratory in Garmany. Tharalora the PAH concanlralions
apsarvad in tha outlel samplas of tha saawalar scrubbar wara datarminad and saawalar takan from
tha Jada Bay in Wilhalmshawvan Garmany was spkad with tha tha majar fiva obsarvad PAHS.

Takle 12: Categosaion of e accumulation tests.

numibar assay valuma |[I] amourt of
mussals
1 pariculala 17 30
2 carnal 17 30
3 dissahlvad 17 30
4 pariculala 17 a0
5 carnal 17 a0
g dissalvad i7 a0
T parliculala i7 a0
B cannal 17 a0
a9 dissahliad 17 a0
10 conral axtarmal basin - 12000 appr. 100

Tha tast was saparalad into thraa sublasts with thrae saparale approachas (Tabla 12}, threa conlrals,
threa accumulabion tasts dor PAHs bound lo padiculate matarial and three assayvs lor tha
datarmination of accumulation of dissolvad PAHs. Far all axpanmants saswalar lakan fram tha Jada
Bay was pumpad inlo 1m? storage lanks and was canfrifugad with a continuous cantrifuga (Carl
Padbarg, Jantrfuganbau GmbH, Labr Garmany). Tha pardiculatas wara collaclad and fraaza dnhad.
Tha watar was kap!l in anothar firmly clasad 1 m? starags tank from which 20 L canistars, ana far avary
assay, warna fillad with 17 L of the saawalar. Thasa canislars wara than placad into tha laboratory

whara tha assays wara parormead lor tamparature aquilibration.

Abaut 400 mussals [ Mytilus edlis) wara callactad on a mussal bank (Swinnplala) fram tha backbarriar
araa af tha Easl Frsian iland Spekaroog and placaed into an axtarnal basin lilled with approximatakby
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12 m? saawalar lakan from tha Jada Bay. From thesa mussals 270 spacs wara chosan randamby
and claanad from bamaclas, shall fragmants and byssal thraals. The cleansd mussals wara laid inta
tha aquarnums aach filled with 17 L of tha walar takan fram tha canistars. To pravant tha mussalks from
hving diractly on tha ground af tha aguarium and fitering thair own fascas, plastic mals wara placad an
tha bottom (Fig. 7). Aarghion far all aquanums was by an aquanum pumg (AC0-003, magnatic pistan,
A5 W, 3600 Vhy, PYEG bas and aarahbion stanas {Fig. 7

Fig. T Photoorapha of the experimental desion of the accumulation test. L. all nine aguaniums with asration
pump. k. dose view on to an aguanum with aeraion stone and mussels placed on the PYO net. R
muazels on PV net.

Balara slariing the axparimants tha mussals wara kapl for & days in tha aguarum o allow
aocoommaodation. Dua lo tha low walar valumea in ralation ta tha high amount of mussals, tha walar was
awchangad twica dunng that tima and latar twica a weak. Bvary day 2 mL af a highly concanmralad
Phasodactyium incomotm cullur weara addad 1o each aquanum. Thasa algasa wara culturad in a 40 L
biaraaciar. Eveary sacond day 20 L ware fitarad ovar a plarkton nat (mash size 10 ymp Tha
concantralad Phasodaciyium ficor milurm sugpansion was than starad &l -18 G,

Table 13 Mean PAH compoaiion of the seawaler soubber oulst samples (Mardh and July), FAH conceniraions
im #e acetons aoluion and reauling PAH concentraton in the aguana

maan in o mgin 100 mL ngl™ in

compaund samplas acalana agquanum
phanarthrana 100 5125 1507
pyransa 42 2142 630
chrysana 34 1897 587
fluaranthana 17 0872 256
anthracana 3 0150 44

As axplainad above sach sublas! was pardormad with thres saparale approachas. Fartha assay with
the pariculals maltar o aach aquanum 2 mL algal suspansian, 5 mbL of 3 sasion salubion and 0.5 mL
af a PAH saluban in acatona was addead. Tha saston salution cantainad the driad sasion gainad from
the seawater usad and additionally dried silt and clay to give an averall concentration of 240 mg L.
Tha addibion of 5 mL of this solution to the walar in tha aquanum lkad o a padicla concantration o
TOugL”. The compasifion af the PAH salution and the resulting PAH concentratians in the aquarium
are givan in Table 13. The phenanthrens concentration (1500 ng L) was chosen bacausse this was

tha maximum phananhbrana concantration datactad in tha aullal samplas in March and July.

Ta tha agquarnua that containad the mussals for the dissalvad 1ast, also 0.5 mbL of tha acslona/PAH
solution was addad bul instaad of the saslon, an aquaous quarz (Sigma Aldnch Laborchamikalian
GmioH, Sesalra, Garmany) salulion was addad resulting in 70 ug L quarz inside the aquarium. Quarlz
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was chosan bacausa it has only a small active sudaca and tharatara anly a low parcantaga ol tha
PAH=s ad=sorb fo it Tharalora tha PAHs, as infandad, ramain dissolvad. Pariculats matanal has lo ba
addad bacausa otharwisa the mussals would not ba active and ramain clasad all the tima. Bafara
adding the quarz to tha salution, it was ground in a wallram crucila so thal particle size dacraasad
ard tha quarz particlas lastad far alang tima suspandad in tha watar. To tha contrals both quarz and
sastan ware addad so that the waler in the aquarium contained 70 ug L™ af each.

Tha PAHs and the sesion or quarz wara addad evary day. Addiionally 2 mL of tha Phasodaclyium
sugpansion wara addad. Walar axchangs was pardarmead avary third ar tourth day (Tabla 14).

Table 14 Dates for water exchandge duning the accumulation e

data days

starl 1511.2004 0

1. watar axchanga 18112004 3

2.walar axchanga 2212008 7

d.watar axchanga 25.11.2004 10
4_watar axchanga 28.11.2004 14
S watar axchanga 02122004 17
6. walar axchanga 06122004 21
T.walar exchange 02122004 24
B.walar exchange 13122004 28
A walar axchange 15122004 30

6.3.2 Analysis and extraction of the mussels

Aftar 30 days tha lasks the mussals of aach aquanum warg trasnfamad 1o freazar bags and dasp
frozan al -18 <G, For aach spaciman shall kngth, total waight, shall waight as wall as wal and dry
waighls (lraaze drying) wara daterminad. Tha mussals wama than dividad inlo size groups. As anly few
small mussals wara available, mussals smallar than 50 mm wara regardad as ona class and mussals
batwaan 50 and 60 mm as anathar class. From bath classas 7 spaciman aach wara (akan and ground

in a walfram crucibla in a ball mill (Fritech Pulvansatta 5) ovar 30 min with a rofation spasad of 120 rpm.

Fram tha pubsanzad mussal tissus aboul 0.5 g wara waighad info a glass flask and 5 mL of 2 5M KOH
solution and 1 mL of the intemal standard [acangphthana-010, phanathrans-014Q, chrysans-012,
parylana-D12) wara addad. Tha mixtura was wall mizad and ket ovamight 1o hydrolysa tha call walls.
Tha taliowing day tha lysale was naubralizad with 5 mbL 5M hydrochlone acid. Than § mbL daionisad
walar and 40 mL n-haxana (Pastanal, Sigma Aldrich, Sealze, Gamany) wara addad. This viscous
soluban was placad into an ultrasanic bath tar 15 min o saparale tha arganic and agquaous phasas.
Tha arganic phasa was lranslarrad into a8 roundooftom flask and tha procadura was repaatad wica
with 30 mL n-haxana. Tha comibinad axiracts wara fillarad avar Ma50 4 1o ramava ramaining watar and
than avaparatad 1o a final valuma of aoout 2 mbL. Aftar quantitative transtar 1o a silica calumn (10 g, 5
% daactvalad with H;D) PAHs wara aluled with 35 mL n-haxana and 40 ml of a n-haxana/DCM
salution (51 viv). Bolh fractions swara combinad and the solants avaporalad o about 1 mL which was
transtarrad quantifativaly inlo a 2 mL ambar glass GG vial. Allar n-haxans avaporation o 1 mbL undar
M. tha injachion standard was addad.
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Tao chack tha constifulion af tha mussals, tha fal contant was dalarminad according o Smadas and
alza the condiian indax (Cl) was detarminad as the quatiart of dry waight and shall waight muliplisd
with 100, This indax ¢an ba inMampratad as an indax of growth [Smaal and Slaban 19390] and a5 an
indiract raflactiaon af the tood availability [Paraz Camacho &t al 19395]. Tha fat contant was datarminad
tar ana mussal of aach assay and tha Cl was datarminad far all mussals and the maan was calculatad

tar aach run.
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8 Hesults and Discussion ol anvirmnmanial samplings

T Results

7.1  pH-Mixtures
7.1.1 Jade Bay, Wilhelmshaven, Germany

In Fig. 8 and Fig. 8 tha tima-dapandant rasulis tor tha mixiures of natural acdibied Jads Bay seaawalar
ara shown. Fig. 8 also shows the pH in aquiliorium in dapandancy of the parcantage of pH 4 saawalar
in tha mixtura Tha mixiuras stirrad with 250 pm with a lolal volumea of 500 mL reach aquilirium aflar
apaut 24 hours. Tha highar tha stiring speaad tha fastaer the aquilibrium i reachad. Far tha 50 %
midura stirmad with 1000 pm aquilibrium i rsachad aftar about 2 hours, whilke the unstirad sampla
naadad ovar 72 h. A similar bahaviour can ba aobsarvad far tha 50 % mixturas with difarant valumeas
{100 mL, 250 mL, 500 mL, 1000 mL) but tha samea stirning spasad (250 mpm). Tha graalar tha valuma
tha kangar tha tima untlil tha aquilibrium & raachad. Tha 100 mL:100 mL mixturs naadad about 8 b
wharaas tha 1000 mL: 1000 mL mixiure again neadad ovar 72 h.

Tha razsults far all 500 mbL mixiures (250 ppm) in aquilibrnum show thal thara is no significant changs up
until 50 %% acidified walar wara addad and a changa s mainky evidan batwaan B0 2%, 80 %t and 100 %
[Fig. 2 lafi).

=100: 1m
=30 =n
~=0- 5
- 1000 - 1m0

pHvalm

..... S

120 144 188 182

Fig. &: Left: Ditterent amounis of aadfied (pH 4) Jade Bay seawater mixed with non-acidied Jade Bay

geawater. Given i the development of pH over time im relation to the percentage of pH 4 water. Right:
game a3 lefl but only 50:50 mixing raio with difterent volumes.
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Fig. 9 Ledt: S0:50 mixing ratio of addfied (pH 4) Jade Bay and natural Jade Bay seawater, with difierent air
bar rodation speeds. Right: pH-value in equilibium as uncion of mixing raio (5 pH 4 ssawaler)
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8 Hesults and Discussion ol anvirmnmanial samplings

7.1.2 Ems River, Papenburg, Germany

Fig. 10. shows tha rasults for tha pH mix test detammined with Ems Hivar watar fakan al tha Mayar
Wart in Papanburg, Garmany. Allbough tha walar had only a wary low salinity 4 shows a similar
bahaviour lo tha axpanmant padarmad with saawalar. This & dus lo ils high sadimant load and
tharafora high carbonate comanl. Tha aquilibrium in this casa i rmachad as fast as in tha tast with
Jada Bay saawalar, altar aboutl 12 h. Howsvar, a continuous dacraasa in pH can ba dbsarvad in 1:1
mizduras (100 mL) urtil tha parcaniags of pH 4-walar has rmachad dooul B0 %5

B4 . LT i
B2 =0 no 4 . _urfunhmﬂzl +HH+""=1|:|: -
a4 +a i L
L 'i TI:I-; 7,50
T4 d
T2 =a0_| |
g;: ~m.2 g"i
= =0 o |
BB LU
L] ‘Tﬂ |
:i _: “..; 4m §
58 i
in S I T S S S S S S S
1] o 1] -1 1] 40 o 1] T H = oo

o pH Pl

Fig. 10:  Left: Difierent amounia of acdified (pH 4] Ems River water mxed with non-acidifed Ema River waler.
Given ia the development of pH over time. Right: pH-value in aquilibium as funclion of mixing ratio
(% pH 4 seawater)

7.1.3 Odense, Denmark

Fig. 11 shaws tha rasulls far the tests parfarmead with Odansa saawatar. Alsa in this casa aquilibrium
5 raachad within gbout 12 h afler mixing the two water bodigs. Tha first significant change is
absarvabla for mixturas containing marna than 50 %.pH 4-walar.
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Fig. 11:  Left: Difterent amounia of acdified (pH 4) Odenae ssawaler mixed with non acidied Odenze ssawaler.
Given ia the development of pH over time. Right: pH-value in aquilibium as funclion of mixing ratio
(% pH 4 seawater)
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8 Hesults and Discussion ol anvirmnmanial samplings

7.1.4 Calais, France

Fig. 12 shows the resulis oblainad with Calais ssawater. Moticaable in this cass is thal thara is, tor all
mixuras up to 60 % pH 4-saawatar, no tamporal baehaviour of tha pH unlil the aquiliprium is reachead.
Far tha rast of the mixuras aquilibium i reachad altar mawmaly & h. A changa af tha pH in
aquiliorium aut of tha arrar ranga is first absarvanle at a parcantags of 60 % pH 4-saawalar.
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Fig. 12:  Leift: Difterent amounts of acidifed (pH 4) Calais seawater mixed wath non acidified Calais seawaler.
Given iz the development of pH over time. Right: pH-value in equilirium as function of mixing ratio
[% pH 4 aeawaler)

7.1.5 Dover, England

A similar bahaviour as obsarved tar Calais seawalar was lound lor Dover seawalar. Fig. 13 shows tha
rasults far this test. Far a mixing ratian of 50:50 na sgnilican tamporal devalopmeant of the pH can ba
apsarvad. Tha first pH changs in aguiliorium graatar than tha arror range & obsarcabla lor
parcantagas graalar than 50 % pH 4-saawatar
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Fig. 13:  Leit: Difterent amounts of acdified (pH 4) Dover seawater mxed with non acadfied Dover seawaler.
Given is the development of pH. Right: pH-value in equilibium a3 uncion of mixing ratio (% pH 4
ssawalen|

a1

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



8 Hesults and Discussion ol anvirmnmanial samplings

7.1.6 Comparison of all results (in equilibrium)

Looking at the figuras Fig. 8 fo Fig. 13i can ba sean thal during the axpanmanis with Ems rivar walar,
Maszau harbour and Odansa seawalar thea mixlures ara in aquiliorium aller about tha sama tima. Far

Davar and Calais saawalar, aquiliorium i rmachad much fastar.

In aquiliorium all values, avan tha rivar watar valuas, ara about the sama Highest valuas wara
absarvad for Calais saawaltar. Dovar Jade and Odeansa valuas in aquiliorium ara, whan arrar ranga ol

tha pH matar is fakan in considaration, tha sama tor all mixturas.
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Fig. 14: Left: pH-value im equilibium of mxing rato (55 pH 4 seawater) for all pH tests. Right: Mean of all tests
wath atandard deviafion.
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Fig. 15 Left: mean pH value (pointa) and standsnd desviation [(eror bars) in equilibium of mixng ratie (StpH 4
geawater) for all pH teati. The black line shows the model fited fo e points and the red line shows

the 95 % conddence interval of the model. Right: change of pH over percentage
Fram all pH valuas datarminad tor the diftarant mixturas in aquiliorium tha maan and the standard
deviation was calbulalad and plaltad against tha parcantaga of tha pH 4 walar in the mixtura. Far
thasa valuas an sasy funclion was searchad which fits the valuas bast. Tharalara tha frea availabla
softwara LAB fit (LAB 6t Curva fitting soltwara VW 7.2.6.) was usad. The dalarminad funclion

i+ perceniage

i —value = +d - percentage  (12)

b+ percentage
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was than filtad io tha dala by using the saltwara Syslal B.0 (command filke ses gppandix). Tha rasull =
shown in Fig. 15 Tha raw H-squara (1-HasidualTaotal), tha mean corraclad H-squara (1-
HasidualCarractad) and the R (cbsarved vs. pradiclad) squara valuas, which wara calculalad with
Sysial, equallad 1.000.

The values ablained ars listed in Table 15. For 0 % the pH is defined as pH = z )

Takble 15 Values obtained by fitting equation 12 to the pH-valuss

paramatar low 85 % oplimum up 25 %
A 101784 101546 -101.508
B 12209 121645 -12.120
C 0117 01177393 0.118

D 0.004 000273782 0002

Accaording o this funclion i i possiola lo mix natural saawalar with acidihad saawalar in a ralation a

60:40 1o giva a pH changa ol 0.2 pH unils. Accarding o tha EPA ragulations 0.2 unils i maximum
allowad pH changa in tha initial mxing 2ana.
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7.2 GC-MS Validation

Far GG MS walidation, ana tima thraa difarant dilution sanas with concantrations of 1, 10, 50 and
100 ng I'" and ane series made of 9 dilutions (2.5, 25, 25, 50, 50, 100, 250, 500, 1000 pg ") in which
soma dilulions wara praparad dodola bul wara dilutad dawn from difarant concantrations. Fram this

sanasang of tha 25 g I and the 500 pg I concantrations ware maasurad 8 times.

Tha thraa diffarant dilution sares wara praparad to astimata tha amar dua to the handiing and tha
diluting {Talbla 16). Tha calioration sanas with tha nina difarant steps was praparad 1o datarmina tha
linaarty of tha GG M5 and tha 8-lald maasuramants wara paarmad o datarmina the accuracy ol tha
GG MS including tha inlagration of tha pask araas.

Fram Tabla 10 it can be saan thal tha ralative standard arrar for the threa dilarant dilution sanas s
kaw. As tha stock solution s a mix of all PAHs, il is admizsiole o calculate the maan of all compounds.
Tharatara tha armar cancaming o handling, loss ta tha walls of tha vassals and addibonally tha GG MS
5 5.4 9% Tha accuracy ol tha GC MS alona is listed in Tabla 17.

Tha accuracy far tha low malacular waight PAHs i highar than far tha high malacular PAHs. Tha
diflaranca batwaan the ralative standard daviations of kbow and high concantrations & 1o dua o o
mathamatical raasans. |f tha paak arsa armor 5 always the sama, tha malatve amor is highar far low
paak araas than far highar paak araas. As all samplas weara concantralad within tha rangs of 25 1o
500 ng mL" it is admissinle o calculate the mean of all standard deviations, which results in 2.5 %
This is aooul tha halt of tha ralative slandand deviation calculatad tar tha threa dilfarant dilution sarias.

Table 18 Standard deviaion of fwee different standard dilution senes.

compound ral. sfand dav.
acanaphitylana 4.7
acangphthana 4.7
acangphthana-010 a.7
fluarana 44
phananthrana-010 4.5
anthracana 640
phananthrana 5.1
flugranthana 4.1
pyransa hA
banz|alanthracana 6.4
chrysana-012 648
chrysana aF
banza|i+banzo|k]llvaranthana 54
banzaapyrana 4.1
parylana-D12 36
dibanz| g f)anthracana 24
banza|ghiparylana 3T
indana(l,2,3,c,dgpyrana 5.1
maan 5.4
34
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Table 17 Accuracy of the GOMS analy=ia (indudng igSTD, integration and measuremen |

compaund mean  sbd. dev. rel sid. dev. mean  sbd. dev. rel sid. dev.
25ugl 25pugl 25pgl” S00pg Ll 500pg T 500 pgL”

acanaphthylana 0133 0002 14 2865 0015 *05
acanaphthana Qoes 20001 14 1848 0008 05
acanaphthana-0D10 Qo0es  +0001 08 1407 00068 04
fluorana 0oe2  +Q002 16 2023 0011 205
phananthrana-010 0110 0001 208 2382 0007 03
phananthrana 0142 0002 12 ERA 0018 08
anthracana 0133 20002 %11 2982 0019 07
flugranheana 013 20002 12 24978 0016 05
pyranag 0.135 0002 *18 248975 T001F  *08
banz|alanthracana 0.080 0005 55 24449 +00683 28
chrysana-012 0083 0003 +31 2281 0018 *08
chrysana 0103 0004 38 2707 T0032; 12
banza|Qlluvoranthana 0.168 +0008 54 4608 +0072 *15
+banzalk|fivaranthana

banzaldpyransa 0055 T00M 72 1608 0045 *28
parylans-D12 0045 +0003 *645 1263 0031 24
dibpanz]a h]anthracana 0028 0003 94 0868 T0033 38
banzalghparykana 0040 20002 £59 1.065 t0024 *23
indeno(1.23.copyrana 0030 0002 +75 1015 0031 +30

Takle 18: F-Test for limeanty of the GOMSE analysis. Shoen results were caloulated for all diluton sieps ranging
fom 25 1o 1000pg L’

compaund _11-‘_ . .‘:f I 52 EW F {1.8)
acanaphthylana 3338 13.75 15127 11.00 13745 linaar
acanaphthana 333 1375 15127 11.00 13745 linaar
acanaphibans-010 20,01 503 103493 1724 13745 linaar
fluarana 30.68 3353 13.40 040 13745 linaar
phananthrans-010 21.90 151§ H2.34 411 13745 linaar
phananthrana 33.10 3598 1574 044 13745 linaar
anthracana 11480 10142 19578 183 13745 linaar
flugranthana 11132 B5E6 26407 308 13745 linaar
pyrana 11049  F0.20 as221 502 13745 linaar
banzlglanthracana 199905 316449 12084 41 3821 13745 naonlinaar
chrysana-D12 GBE38 26545 21188 1210 13745 linaar
chrysana 342850 24116 95123 384 13745 linaar

banza]llvaranthana 205000 41941 1183350 2821 13745 naonlinaar
banzalk]livaranthana

banzalapyrena 2410891 222349 1554204 69.88 13745 nanlinaar
parylana-D12 2583890 27791 1641987 5908 13745 nonlinaar
dibanz|a.h)anthracana 183448 12587 12086.15 96.02 13745 nonlinaar
banza|ghiparylana 155859 19058 9766.67 51.25 13745 nanlinaar

indano(1.2.3.c.dlpyrena  2554.00 34323 15818.21 46.08 13.745 nanlinear

a5
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8 Hesults and Discussion ol anvirmnmanial samplings

Tha rasults far the chack an linaanly ara shown in Tabla 18 and Tabla 19. Far tha low malacular
waight PAHs linearily is given for a range from 2.5 fto 1000 ng mL". This group includes
acanaphihylana, acanaphithana, acangphthana-01Q, ftluarana, phananthrans-010, phananthrana,
amthracana fluaranthana, pyrang, chrysana and chrysana-0D12. Far tha high malacular waight PAHS a
bwear linaar range was dalaminad. This group includes banz| slanthracana, banza|blfluvaranhana +
benzo|klfluoranthens, banzal dpyrena, parylena-D12, dibanz|a hlanthracans, benzo|ghparylena and
indana(1,2,3, c,dpyrens. The lingarily lor thase PAHs ranged from 1 to 100 ng mL™".

Basad an thasa rasulls all samplas with a concantrabion above tha delarminad linaarnly ranga wara

dilutad ta a concantrabon within this ranga.

Takble 14%: F-Test for limeanty of the GOMSE analysia. Results were caloulated with all dilution stepa ranging from

2.5 10 100 o L-1
d 2 2 052 EW F i
campaLn J':r fmear 'l::r e [ EI‘
banz|ganthracana 421 1245424 131 1052 21.198  linaar

banza|b|fivoranthana 9765 3208482 2944 9175 21.198 linaar
banza|k]liuaranthana

banza|a)pyransa 48932 2068914 1352 653 21.198 linaar
panylana-012 5842 455 1465 -1342 2549 21,198 linaar
dibanz| a flanthracana 11.4 5994801 276 48605 21.198 linaar
banza|giv]panylana TEGER 6968051 9756 14 21.198  linaar

indanof1,23 ¢ dipyrana 7988 B354367 &.883 0825 21.198 linaar

The limit of detaction was dalermined as three times the 25 ng mL ™ concantralion standard deviation.
Tha rasults ara shown in Tabke 20.

Takde 30: Limit of detecion (LOD)} for determined PAHS

campaund LOD [ng mL "]
acanaphthylana
acangphthana
acangphthana-010
fluarana
phananthrana-010
phananthrana
anthracana
flugranthana
pyrang
banz|alanthracana
chrysana-012
chrysana
banzab]fluvaranthana
banzalk]llvoranthana
banza|a)pyrana 5
parylana-D12 5
dibanz| g f)anthracana 2
4
a

B I i - e e A A .=

benza|ghlparykana
indana(i,2 3, ¢ .dpyrana
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8 Hesults and Discussion ol anvirmnmanial samplings

7.3 PAH-Extraction, Validation of Method

Asin tha most casas PAHS ara axtraciad fram frash watar ar sadimants most applications ara fitled tar
thasa matncas. Tharalora lasis (Chaplar 4 .2) wara padormead o detarmina the axtraction aficiancy,
tha accuracy and tha raproducioility of the mathod.

As thara i no retarance matanal for PAH in saawatar availabla, far the racovary l8sls a cadiiad PAH
mix in acatona was dilulad, addad lo saawalar and axtractad as describad batora. Tha rasults of tha
tasts with tha ditarant SPE sarbants and tha diftarant alubon salvants (Tabka 21) show that tha basl
racovany rala with the lowast standard daviation was oblainad with the SPE C1Bac carndges and
CCM as alution sakvanl. Tha EASY malanal showad anly low racovary ratas (Fig. 16) for tha high
malacular PAHs. Tha samea was obsarvad whan using SPE G18ac and n-haxana (Fig. 17) as alution
sohrant. Almost as good rasulis as lor Cl8ec and DCM weare absarvad tar G118 PAH SPE sarbant | Fig.
18). But as thaza carridges wara anly availabla with a load of 500 mg, tha flow was much slowar and
tha drying took langar than far C1Bac Tharalora in all assays ClBac cartnidgas and DCM wara usad
to axtrad the salubla fraction of tha PAHs. LLE also showad good racovary ratas, but PAHs with high

vapour prassura wara last during avaparation in the ratary avaparatar.

Tha racoveary rata in nalural saawaltar in Fig. 18 was low for high makcular PAHs wwhan anly thea liguid
fraction was considarad. Tharalora addibionally tha filtar was axtraclad. The rasulls ara shown in Fig.
21. Highast racoveary ratas closa to 100 % wara absarvad ftar fluarana, phananthrana, pyrana and
dipanz| g hantbracana. Tha lowasl recovary rale was detarminad for chysana-012 with 86.4 %, Tha

maan racovary rale far all compounds was detarminad to be 86.1 % £ 10.6.

Fig. 20 shows thal =80 % of acangphthylana, acanaphibana, fluorana, phananthrans-010 and
anthracana ara presant in the desolad lorm. Beanzo| Hfluoranthana, banza|k]fluoranthans,
banza|g)pyrana, parylana-012, dibanz|ahanthracana, barzo|gh)pandana and indana(1,23,c.d)
pyrana ara mainly (=90 %) adsorad o padicles. Banz| ganthracana, chrysana and chrysana-D12 ama
distributad about 50:50 balwaan particulats and aquaous phasa. Tha rasulls of this tast showad that a
tha highast racovarias wara found alter 2 b and 4 h. Exfraction ima had a significan! influanca an
phananthrana, banz|ganthracana, chrysana-D12 and chrysana only. Far thasa compounds tha

solupla frachion was rising with ima.

ar
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8 Results and Discussion of anvironmantal samplings
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Fig. 16: Resullz of tesis jor the determination of the recovery rates of PAHs irom seawaler. Left: Resulls of
Licguict-Liguic- Ex wacion. Shown are the recovery rates for the different PAHs and the overall mean and
atandard deviation. Fight: Same for extraction with SPE sodbent Chromabond EASY.
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Fig. 17:  Resulls of lesis kv the delermination of recovery rates of PAHs from seawal
with sorbent Chromabond C18 ec with elution sohvent DCM. Shown are
cifferent PAHs and the owverall mean and standard devialon. Right Same for
Chromabond C 13 ec but with elubon solvent rhexans.
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Fg. 18:  Resultz of ieat for e determinaton of recovery rates of PAH=S rom seawater. Leil: Exwacion
with sorbent Chromabond C18 PAH with elution solvent DGM. Shown are the recovery raiea for the
different PAHa and fhe overall mean and standard deviaton. Fight: influence of addition of different
amouniz of aceions o the sample.
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8 Hesults and Discussion ol anvirmnmanial samplings
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Fig. 19 Reoovery rates of the aoluble FAHs from natural ssawater with Chiomabond SPE aobent C18 e and
slution solvent DO, Left: Qalais ssawater Right: Dover ssawater.

Table 21: Meanrecovery rates and standard desviations determined for 1esta with anificial seawater.

PAH EASY CG1BPAH Ci1Bacy DCM CGiBac/Haxana LLE

maan sd mean  sd maan  sd maan sd maan sd
acanaphthylana 796 100 BF9 47 Bas 113 974 65 a0 1649
acanaphthana-010 763 9B TE3 64 BOoB BS5 @01 80 B3 183
fluarana BFTEB 120 BaE 98 944 162 1055 110 132 244
phananthrana-0D10 766 T8 BOEB 841 B4 5HY BAB 55 284 285
phananthrana 918 68 970 58 10 1086 10684 54 31.2 308
anthracana 728 T3 TE3 65 B25 BE BE1 38 280 257
pyrana Bi1a @91 @918 47 1073 BY @853 23 TEE 320
banz|alanthracana Fa0 28 6789 &1 922 Bi1 579 41 ThEH B3
chrysans-D12 h4B 53 624 34 B3aa 127 533 15 683 56
chrysansa ha1 107 851 410 925 136 KTE 03 TE2 47
banza|Hllvaranthana 456 33 66T 44 781 &HFY 4989 27 41 35
+barza|k]fluaranhana
banzalapyrana 337 94 414 33 ATHB 155 30DB 32 621 1189
parylana-Di2 343 40 466 B4 ha4 68 3FT2 65 684 40
dibanz|a h|anthracana 335 T4 811 3z 693 95 413 041 T26 165
banzo|ghlparylana 381 38 B&1 B4 BB 182 837 20 BeD 948

indana(1,2,3,c dpyrana 468 60 T0s 27 788 54 48T 15 Fi4 TA
maan + slandard deviation 601 21.1 7aA 160 8B40 138 696 258 531 2748

a9

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net
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Fig. 30:  Fractonaion of FAHs between dizsolved and parficulate fraction atier different incubaton fimea.
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Fig. 21:  kean recovery rate and standard deviation for eight esfractiona of Dover seawater and particulate
T ction.
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8 Hesults and Discussion ol anvirmnmanial samplings

8 Hesults and Discussion of environmental samplings

In this chaplar tha rasults of the ditarant samplings ara shown. Tha pH, salinity, lamparatura, matal,
sulphata, nutriants, plankton and PAH dala will first ba shown and dascribad far aach sampling and
than tha variabons avar tha annual circla will ba prasaniad.

8.1 1* sampling (February)
B.1.1 pH, Temperature, Salinity, Conductivity, Oxygen

Tabla 22 shows tha pH, watar lamparatura, air lamparatura, salinity and oeygan canlanis maasurad
during the sampling an 11.02.2004. Tha mos! aastem paint (Pairt Cal 2: Quai da sarvica) showad tha
bwast pH and tha lowast salinity. Tha highast salindy (31 PSU) was absarvad far tha paint tha closast
to the apan sea. Tha lamparatura was naarly tha sama far all points. Only at Cal 1 (Juai an aau
pratanda) watar lamparatura was a litle kawvar (8.2 “C) Oxygan was saturatad at all points.

Takle 22 Air and waler temperature [*C)], salinity [PSU], pH value and gxygen [mg I'] during sampling in Calaiz
hearour o 11,2 2004

tamp. air lamp. walar  salnity pH oxygan

[ [T [PSU] [mg L |
Cal1  Quaian aau pralanda B2 T4 270 7487 arF
Cal2 Quai da sarvice a8 73 iB3 781 9.3
Cald  Quaidalalara 848 Ta 296 BO4 10.3
Cal4  Jales auasi 8A 74 41.0 BO2 B4

All samplas in Calais wara (akan batwaan B45 am and 10:30 am (CET). According to Table 8 low lida
was al 10:45 am, 50 all samplas wara fakan during abb fida. All zamplas in Dovar wara {akan batwaan
18:30 and 1900 [CET) According o Tablke 8 low hide on 1122004 was al 21:38. Tharalora all
samplas in Dovar wara alsa fakan al abb tida

Tabka 23 shows tha walar lamparatura, the salinity and tha pH far tha samples takan in Dowvar during
tha sampling on 11.02.2004. Far all stations tha results ara similar. pH was with 8.10 highar than in
Calais. Thae tamparalura B.4 G was aboutl 0.4 G colder and salinity was dbout 3 units highar than in
Calais.

Table #3: Water lemperaure [*C], asalinily [FSU] and pH-value duning sampling in Dover harbour on 112 2004
and on boand of the “Pride of Kent”

tamp. walar salnity pH

[ [PSU
Paint 7 Haroour antranca B5 341 B0
Paint 8 Middla parl b4 340 BAD
Paintg Duay 4 a1 341 B.a1
Paint SCH1  Channal SWS inlsl 9.2 343 BOS
Painlt SCHZ2 Channal SWS oullal 223 348 7Aa9
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8 Hesults and Discussion ol anvirmnmanial samplings

Daspila dilution by tha coaling watar tha lamparature was highar in tha oulflow than in tha inkat walar
inlal 9.2 *C autlat 22.39C). Although this incraass will have no ar anly litla diract influanca an tha
acasyslam il will influanca the physical bahaviour of tha alfluant. Highar tamparaturas al constant
salinity incraasa tha buoyancy ol the alfluant in comparnson to the surounding watar. This may
parially hindar tha waltar bodies from aftactive mixing. A changsa in salinity, which swould support ar
raduca this alfact, was nat obsarvad. Anathar aflact of highar watar lamparaturas is tha kowar salubily
al gassous compounds in warmear watar. This could kad lo oxygan deaplstion. As oxygan was
saturalad in all samplas no advarsa alfec! was cbsarvad. Basidas, a nagalive alfac! ol coaling walar
discharges from ghips on the surrounding anviranmant was, concaming o the knowladga of tha

authar, navear rapariad.

B.1.2 Metals and Sulphate

Matal and sulphate concanirations delarminad by ICP-0OES are shown in Tabla 25 Tha datarminad
malals ara listad in chaplar 5.3 on page 15 Concantrations balow tha dataction limit ara markad by a
dash. Tha concaniration af tha saa sall standard (Inamational Associabion far Physical Scianca of tha
Ocaan, 1APS0) ara gvan in Tabla 24,

Table 24: Contents of the inlematonal Azsociaton for Phyasical Sgence of the Ocean standand for natural
Allanic seawater.

glemean Ba s Od o O Cu PR K Li kg
umit pe pom pob pob pob peb pob ppm peb ppm
comceniraion 14 442 001 05 Q04 01 2 /T 18D 1284

slement kin ) b Fio S04 Ly W Zn
umit et peb pob ppb pem pob peb  pob
concentraion 0.2 10 0.2 00l 2M2  s0bd 25 01

Curing tha sampling on 11.22003 nona al the axaminad transibion malals ware found insida tha
haroours with tha excaplion of Calais point Cal 2: Quai da sarvica. Hara 3 manganasa concantratian
af 69 ppb was delactad. Al this paint sarth matals wara with tha axcaplion of barum lowar in
comparnson to tha athar points, wharaas at the harbour antranca in Dovar Ba, Li, Sr, Ca, K and Mg
concantrations wara slightly highar than al tha athar points. Tha sulphata concaniration was highas! al
this paint toa. Bath, tha high sulphate and tha high aarth malal concantrations ara mainly dua ta tha
highar salinty at this paint. Tha comparnsan batwean saswatar scrubbar inlet and oullal watar showad
a slight incraasa of the zing concantration in tha outlat watar. This & most probably dua o a

contamination fram far axample tha tubing, tha fitings ar tha pumps.
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8 Hesults and Discussion ol anvirmnmanial samplings

Table 25 Sulphate, sarth and ranaiion metals defermined o the samples aken on 1102 2004 Fields with®™"
ahow concenwrations below the delecion limit.

Call_Cal? Cal3d Cal4 7 8 q 21 27

Ba ppb 17 21 18 16 20 14 14 13 12

Ca ppm 33 263 35 369 509 391 390 395 401

Cd  ppo - - - - - - - - -

Co  ppo -

Cer PRo -

Cu  ppo -

Fa  ppD - - - - - - - - -

I ppm 280 180 310 382 475 352  3F3 357 376

Li ppb 148 112 161 188 232 185 186 181 185

Mg ppm 984 664 1071 1113 1567 1183 1191 1219 1254

Mn  ppb - 68 - - - - - - -

Mo ppD -

Mi PR -

Fo  ppo - - - - - - - - -

S04 ppm 2161 1479 2399 2461 3831 2857 2853 2842 2874

Sr  ppb 6392 4448 6853 TF2P3 10188 THAD TAE3 7907 8093

L) ppo - - - - - - - -
Zn___ ppo - 143

B1.3 Nutrients

Tabka 26 shows the nutriants concantrations datarminad far tha samplas (3kan on 11.02.2004. Tha
falkrwing abbrewviations are usad. Tolal chlorophyll (THCL), pariculale inorganic phaspharus (PIP),

pariculales arganic phospharus  (POP), 1otal pariculate phosphaorus (TPP),

raactive dissolad

phaspharus (R DP), dissalved arganic phasphorus (DOP), lolal dissolvad phospharus [TDP), dissolvad

inarganc nitragan [N},

Tha chlaraphyll concantration was highast al paint Cal 4 and lowast in the saawalar scrubbar outlst. Al
paint Cal 4 also the phospharus and nitragan compaunds wara high, bul highast Al point Cal 2. This

might indicata a highar amount of diatoms ar a staring bloom.

Takble 2% huwment conceniratons determined for the samples taken on 11.02. 2004

ToHL Seslon PP HOR TEE HOP LR ToE
Bol] [mal] [Emdl ] mmdl] pmdl] pmdl]  wmal]  mdl]
Cal1 22 62.8 080 .70 1.50 051 B4 BE5
Cal 2 28 391 0858 ng2 169 523 525 10.51
Cal3 2.7 425 025 038 063 0.7 542 612
Cal 4 656 1386 008 nge2 080 051 6512 563
T [ Drvear) 25 122.7 025 058 083 0286 543 B9
B [ Dawvar) 24 1208 022 0.E0 082 035 352 388
9 [ Davar) 30 1088 029 042 071 035 283 3.8
SCH1 14 Th1 010 0386 045 035 420 4 55
SCcHe 08 553 005 032 036 026 497 523
43
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8 Hesults and Discussion ol anvirmnmanial samplings

NO NO:y~ NH, DIN Si{OH),
pead L] pmd ] pmal] pmdl] mal]

Cal i 08 4208 24.31 67.30 5427

Cal 2 2103 T4.66 107 54 184 32 Q9278

Gal3 1.15 G61.89 15.29 TH33 34.95

Cal 4 074 41.86 10.41 5302 2450

T [ Dawar) 022 1597 149 17.69 631

8 [ Dxawar) 023 15.21 18.96 34.40 857

9 [ Dovar) 044 2010 1825 3874 2938

SCH1 033 16.41 153 18.26 563

SCH2 022 11.41 153 13.16 e

B.1.4 Polyeyclic Aromatic Hydrocarbons

Tabka 69 givas tha total amounts of the 16 EPA-PAHs (withoul naphthalana), n Table 70 tha
concantrations of the dissolvad and the pardiculatea ara shown., Tha highest concantration was
detarminad far paint Cal 4: Jalea Quasl, the lowsast concantration tor paint Cal 3 Quai dea la Laira, Far
paints Cal 2 and Cal 3 tatal concertrations of 267 ng L and 354 ng L' wera datermined. In all cases
phananthrana was dominating and anly at paint 4 a highar amaunt af kow malacular waight PAHSs was
faund.

In Dawvar at all sampling points tha PAH amounts wara aboul aqually high, and in tha sama ordar al
magnituda as in Galais. The dominating compound was in Dowar phananthrana too. High molacular
waight PAHs had axtramaly low contants.

Tha PAH comants daterminad far the Bcosiancer inlel and outlat are shawn in Table T2 In thasa
samplas phananthrana was dominating too. Tha tofal amount of PAHs delarminad at the outlal was
16-tald highar than the amaunl detarminad in tha inlal watar. In tha autlst walar tha pardiculale fractian
was anout fva timeas highar than tha dissohlad fractian.

Ta datarmina whathar tha PAHs ara similarly distribulad and show similar pattarms a ragrassian of tha
compounds was padormad. Tha resulls ara shown in Table 28, It ¢an ba saan thal tha ranga of tha
comalation coathiciants B widaly distributad from nat significant o 0999, Highast H® valuss wara
absarvad batwaan tha mara salubla two- and thraa-ring compounds wharaas tha ralation balwaan tha
soluble and insalubke PAHs i lowar. As this mathod might ba influancad by graal diferancas in
concantrations of the single compounds a ragrassion of the concantrations al the ditarant sampling
paints was parfarmad (Tabla 27). Tha difaranca balwaan thasa two approacheas is thal the ragrassion
al tha compounds shaws high cormalation coathiciants f for eaxampla amhracana is high at all points
whara phananthrana ig low. The carralation coafficiant far tha ragrassion of the sampling points
raflacts tha ralation of all compounds to aach othar. Tha ragrassion ol the sampling paints dalvanad
high cormalations coatficiants far all ragrassions. This indicates that tha PAHs ara similarly distrioutad
at all paints. Tha rasults of tha compound ragrassion ara shawn in Tabke 28, It can ba ssan that tha
kv malacular waight PAHs are highly carralated with tha ramaining low makecular waight PAHs and
tha high molecular waight PAHs with thea ramaining high maolecular waght PAHs. Bul the high
malacular compounds ara nol carralalad with tha low malacular compounds. This shows thal tha PAH
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8 Hesults and Discussion ol anvirmnmanial samplings

lnad of tha watar has a similar compasiion al all paints, wharaas the PAH:s bound la pardiclas show a
diffarant compasitian.

Takle 27: Regression of sample points (Sampling 11.2.04). Colours are added for 3 betier visualisaion, Yellow -
highly comelaied, red - moderale of low comelation, dark red - no significant. comelation.

— Il
8§ 8 838 . . .8 3
Call 1 Qea7 (O8BT 0AF4 0985 085 (907 0999 (.G582
Calz2 1 (885 0BS5S 0805 0951 0992 (995 0.986
Cal3 1 0.858 099 0937 0.979 0.989 0.978
Cal4 1 0.833 0.822 0.884 0.865 0.786
7 1 Q846 0987 0.087 0.903
& 1 0847 0847 0832
4 1 0.9a5 097
SCH1 1 0.885
BCHz2 1

Table 28 Fegression of compound contents delenmined for the samples 1aken on 11.2.04. Colours are added for
a better visualisaton. Yellow - highly comelated, red - moderate or low conslation, dark red - no

gignificant comelation.

EE 5 oF oz 2 = &
ATHY 1 0.994 (L9588 0.9B8 (.954 (989 (L7486
ATHE 1 0.995 (.995 (.957 0.995 O.753
FLRE 1 0.999 (0.965 (.997 OL.738
PHEM 1 0.960 0.995 0756
ANTH 1 0.971 O.778
FLUA 1 0.779
PYR 1
Bah
CHRAY
BokF 0.913 0.835
BaP 1 0.915 0.814
DahA i
BghiP i 0.957
INDE 1
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8 Hesults and Discussion ol anvirmnmanial samplings

8.2 2" sampling (March)

Curing this sampling tha Ecosilancar was not lully opearating. Problams wara ancountarad, bacausa
the velocity of the axhaust gas was too high (17 m s '). For an opfimal oparation velocity should be
<7m 5" lo allow condensation in the funnal. Tharaelore, acidic droplets laft the exhaust funnals. Only
tha axhausl gases of tha four auxiliary anginas wara scrubbad, wharaas 5WE 3 was shul off, dua ta
cormasion proplams. Also auxialary angina 2 was off, bulwith tha SWS running (Fig. 22).

S| S0
A A
Avpi hary ALndbary
g | e &
[EZ-TOE 1 H] [P TON WM 5

-
Fig. 22: Tha auwiliary anginas and SWES running at tha 24.03.04

Engina no. 2 did not produca aexhaust gas, tharalara the SWS 2 did nal adsorb any 530 and athars
constiluants of tha gas. Tha axhaust gas of angina 3, tha ona with the maximum powar sscapas

diractly into tha atmasphara. Thus, anly hall ol tha plannad S50y was scavangad by tha syslam.

B.21 pH, Temperature, Salinity, Conductivity, Oxygen

Tabla 29 shows tha pH, walar and air tamparaturas, salinly and axygan confant datarminad tar tha
samplas takan in Calas on 23.3.2004. Valuas maasurad al paints Cal 1, Cal 2 and Cal 4 ara naarky
tha zama with tha highasl pH valua maasurad al paint Cal 4 and tha highest salinity maasurad at paini
Cal 2. Point Cal 3 & in all cases an axcaplion. Al this paint an unusually high pH valua and axygan

conlant wara maasurad. Also a lawar lamparatura and salinily wara obsarvad.

Table 29: Air and waler lemperature [*0), salinity [PSU], pH value and cxygen [mg L] duning sampling in Calais

hearbsour om 223 3 2004
temp. air temp. waler salinty pH oxygen
k| k| [PSU] mg L]
Cal1 Cluai an aau prokandsa BA BA 31.2 B4z 985
Cal2  Quai da sarvica a1 85 1.7 BSOD  4ya
Cald Quaidalalara 9.4 7T 275 8935 =20
Cal4  Jales auasl 8.1 85 315 BE3 98T
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8 Hesults and Discussion ol anvirmnmanial samplings

All samplas in Calais wara |akan batwsaan 16:00 and 18:30 (CET). According to Tabla 8 high tida was
al 14:21 and tharafara samplas wara lakan al &bb tida,

Tabka 30 shows tha pH, walar and air lamparaturas, salinties and axygan caontants datarminad far tha
samples takan in Dover on 24.03.2004. Tha samplas from points 5 and 6 wara akan balwaan 8B40
and 10:00 {Table 9) and tharatara sharlly aflar kow tida (Table B). Samplas al point 7, B and 2 wana
takan baltwaan 1315 and 1335 and tharatara quite axactly at high tida. Tha lowas! lamparatura was
maasurad al point & tha athar valuas dalaminad for this paint ara about tha same as those maasurad
closa lo tha Prda of kanrt®. Tha sampla laka al the baach al paint 5 had tha lowest salinly and tha

lawas! pH.
Table 30: Air and waler lemperaiurea [*C)], salinity [PSU], pH value and oxygen [mg L] during sampling in Dover
hearbsour om 24 3 2004
Crawar tamp. air  famp. walar  salinty pH  oxygean
[<Cl [<C] [PSLI] [mg L]
Paints Churchill Hotsl Baach 940 11.0 270 TEE 952
Paint& Prnca of Walas piar T4 B4 34.3 ThBE 101
Paint7 Back of ,Prids of kant® 123 BA 34.2 TAa5
Paint® Middle of [Prida of kant® 12.3 BA 34.4 TAa5
Paintd Front of ,Prids of kant® 123 BA 34.4 Ho0

Tabla 31 shows tha pH, the salinilias and tha lamparaluras maasurad insida tha saawalar scrubbar
syslam. Looking al tha inlal samplas, tha tamparature was highast insida tha Channal (152°C) Tha
lowas! salinity was maasurad in Calais (32.9) and tha lowast pH (7.72) in Dovar. If thasa valuas ara
comparad with tha valuas at the oullal it can ba ssan thal tha salinity was slightly incraasad and tha
tamparatura was raisad by aboul 2 %G ¥ 3 G The pH was lowarad in all casss. Tha strongast
raduction was obsarvad in tha channal wheara tha difaranca batwaan inlat and outlet pH was 1.16 pH
unis wharaas in Calais and in Dover it was 0.86 and 043, raspactivaly.

Table 31: Water temperature [*C], salinity [PEU], pH value and oxygen [mg L] duning sampling on the “Pride of
Keni” on 24.3. 2004

tamp. walar salinity pH

i 1] [PSL
a0 saawalar inkat Dovar 107 342 T2
sS02 saawalar outkat Davar 14.8 346 T249
SCH1  saawalar inkal Channal 152 3489 Ta4
SCHE2  saawalar oullal Channal 17.1 352 6.78
SCH3  oullet trom LIS filkar 276 s 273
SCH4 1o safiling tank 2848 354 286
SCHS  inkat to LS filkar 274 Ja2 2482
SCHE  malum from Bcosikencar 28.0 Ja2 278
SCHF  lop of saltling tank 27.2 335 283
SCHE  bottom of saltling tank 230 3489 283
SC1 saawalar inkel Calais a5 329  BOO
52 saawalar aullal Calais 128 329 T34
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Tha valuas datarminad far tha samplas takan from tha ramaining saawatar scrubbar poins show, with
tha axceaplion of tha saltling tank, no changa in saliniy. Inzida tha sallling lank the salindy was lowar
parhaps bacausa tha walar ramains thara far a whila and tharalara walar from differant walar bodias
i mixad. Tha ramaining tima of tha walar insida tha sattling tank might alsa be an axplanation why
thara tha pH & highar than pH 3 a5 in comparnson ta tha ramaining saawater scrubbar paints, whara il
5 lowar than 3. Although the afluant walar had a signiicantly lowsar pH than tha inflowing wwatar, no
pH changa in the hafour ar closa (o tha "Prida of Kant® was maasurad. Additionally thara was no pH
changa absarvaple insida tha haroour batwsaan tha firsl sampling whara tha Ecosilancar was nal
running and tha sacond sampling.

B.2.2 Metals and Sulphate

Sulphata, transiton and aadh matal concantrabions af the hamour and tha Ecosilancar samplas lakan
an 2324.03.2004 ara givan in Tabla 32, Insida tha porls a coppar cancantration of 220 ppb in Calais
at point Cal 1 and a zinc concantrabion of 53 ppb al point 9 in Dovar wara obsarvad. Sulphala
concantrations wara highast in Dovar al tha Prnca of Walkes Piar and al Tarminal 4 {back of "Prida o
Kanf, Paint 9. Tha samplas takan in the middla {point B) and at tha frant (paint 7} af tha ,Prida o
Kanf' show kowar aarth malal and sulphate conanlants than tha athar samphkas.

Inzida tha saawaler scrubbar system tha highast fransibion metal conants ware datarminad far tha
samplas lakan from tha wba lo tha saitling tank and insida the saifling tark. Addiionally, high coppar
and ainc concantrations wara found at tha inkat to the US filtar. Excapt tar iron (7B ppb) no matals
could ba dalacted diractly altar tha Ecosilancar. This indicates (hat most matals are laachad fram tha
tuing dua 1o tha low pH and do nat ariginala from tha Hua gas scrubbing procass itsall. At the oullat of
tha U5 fillar only vanadium (183 ppo) was delamminad and in the 5WS oulial sampla akan in tha
Channal and in Dovar, zing (138 ppb and 537 ppo) was delaclad. Insida tha saawalar scrubbar
systam highast transiant maltal concantrations wara found at tha inkat 1o and insida tha salling tank.
This indicalas thal mast of the malals ara bound 1o paricles ar ara padiculalas thamsalvas and ara
tharatora altactivaly ramovad from tha syslam.

Sulphata concantralions did show an incraass insida tha SWES diractly aftar tha Boosilancar bul this
incraasa was dilutad fo tha SWES inlal suiphata leval bafara it left the Prida of Kant®. Insida tha
harfoours the sulphate concantrations ara al aboul the sama leval a5 tha alfluant concantrations bul

dus 1o dittarant salinity valuas thay vany within a ranga ol 1500 and 3350 ppm.
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Table 32! Sulphate, sarth and franstion metal contents determined for the samples aken in July

Call Calz Cals Cal4 & B 7 & ¥ 501 S0 S0H: 50H1 S0HG S0 S0HE S0ME G0H7 S0 501 8=
Ba pp0 18 o0 == 1B @& 18 18 15 1% 18 17 16 =1 18 34 18 1% =4 6 18 1%
Ca ppmSEE 356 S48 880 341 588 327 279 ST 395 38T 405 408 411 434 404 396 586 Se2 381 STO
ca peb

Co PR &

o pRb 24

Cu pRb 220 129 12 TOEE A0STE i

Fe PR 1054 S B8 TES  1SE

K PR SSE 345 514 966 355 598 340 29T 581 397 384 438 435 434 457 422 419 405 434 388 36T
L ppb 184 152 147 185 140 178 IS0 128 169 128 188 487 185 IES 125 483 180 475 183 17 de8
My pRm 1154 1090 1007 1164 920 1251 102 223 1178 1216 120 1278 1278 1290 1339 1272 126 120 125 1@ 1148
Mr pRb 20 T2 a3z

Mo PR 405

M b rrd 107

Pt FRb

S0M ppm TEW DRI SUN JE0E DETT OO0 DO47 1047 DO DUM0 DGET 2940 06T SS40 3530 5550 550D SOE G4 N DHE
S pRb TIE) EE30 G545 TEME GUED TTED E490 S4GD TIE TOET S04 E0G1 TS S0T B1EE THW VA TEE 249 TE TIH
Vv pRb 183 330

I ppb 53 537 1338 1033 1461 €55 414 98

Far a batter visualisation and a batlar astimale of tha SWS influanca

a companson batwsan tha
sulphata, transition and aarth metal concantration detaerminad far tha 5WS inket and outlat iz show in
Figs. 22 o 28 companng tha inkal and outlal samplas fakean in March and Fabruary. Samplas takan an

11.02.2004 ara markad, bacausa dunng thie sampling the saawalar scrunbar was nol running. During
tha sampling an 24.03.2004 coppar was found in inlal and outlat samples 1akan in Dowver. In both

samples tha coppear concantrabion was tha sama. In Dowvar also manganasa was found, butanly in tha
autlat affluant. In all outlat butl nat in the inlal samplas axcapl in Calais on 24.03. 2004 zinc was

datarminad. Earth matals ware all, within the accuracy of the maasuramants, aqually concantralad in

tha inlat and ouflsl samplas, anly barum saams (o bea slightly incraasad, whan tha SWE is running.
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Fig. 23  Left: Copper content [ppb]. Right: Manganese content [peb] determined for Ecosilencer inlel and oute
gamples taken inCalaia, Dover and the Channel on 2324 03 23004 and on 1102 2004, APPSO Afantic

waier salimty stamdard.

449

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



8 Hesults and Discussion ol anvirmnmanial samplings
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Fig. 24: Left: dmc content [ppb]. Right Banum content [ppb] determined o0 Ecosilencer inlet and oufet
gamples taken in Galais, Dover and the Channel on 232403 2004 andon 11.02 2004, APS0: Atantic
waier salimty stamdand.
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Fig. 25 Left: Lithium content [ppb]. Right: Swontium content [ppd] determined for Ecoailencer inlet and outle
samples takenin Calais, Dover and the Channel on 232403 2004 and on 11.02 2004, |APSD: Atantic
waier salimty stamdand.
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Fig. 26:  Left: Caldum content [ppm]. Fight: Potassium content [jpom) determined for Ecosilencer indet and oute
gamples taken inCalais, Dover and the Channmel on 232403 2004 and on 11022004, |APSD: Atantic
waler salimty stamdand.
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Magnasium (gl Sulphara (3043
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Fig. 27: Left: Magnesum content [pob]. Right: Sulphate content [ppb] determined for Ecosilencer inlet and
outlet samples taken in Calais, Dover and the Chanmel on 2324002004 and on 11.0223004. IAPS0:
Allanic waler salinily standand,

8.2.3 Nutrients

Tabla 26 shows tha nuinani and saston contanis datarminad lar the samplas takan in March. In Calais
the highest seston corert was observed at paint Cal 2 {509 mg L") whare aboul double the canlent
al tha ramaining pains was obsarvad. Sampling point 5 was siluatad at a sandy baach tharalara tha
saglan conlert was highar (80.9 mg ') in comparisan 1o the sample taken at tha Prince of Wales piar
whara tha saston contant was comparaole 1o thosa maasurad in Calas. On baard of the Prida o
Kanf' tha highast caontants whara not cbsarvad insida tha saltling tank as axpactad, but in tha oullst of
the US fiter (132.0 mg L ). Inside tha pipe which leads the water fo tha saltling tark alsa high particle
contanis whare absarvad. Looking at tha inlat and tha outlat samplas it can ba ssan, that tha higheast
saslon corlents ware observed in the inlel sample takan in Calais (2626 mg L") This might ba an
altact af tha barthing, whara tha scraws whirl up a lot of sadimant, which than might ba suckad ina tha
ships coaling eycla. In Calai and Dowar tha seston cortans in the oullel ara lowear than thosa
apsarvad in tha inlel That shows thal the clean-up systam inzida tha ship (cyclonas, saltling tank and
LIS fibar) workad and ramovad thasa paricles. It also axplains tha high contant maasurad at poind
SCH4 whara the ramovad pardiclas pass by.

Looking at tha ROP, BOP and TOP valuas it ¢an ba saan thal thay ara quita tha same in Dovar and
Calais. Only at paint Cal 3 whara tha algal bloom was obsarved naarly doublad TODP concanirations
wara dalarminad. Al this paint alsa the DIN concantration s wara wary high and only insida tha saiifling
tank highar concanitrations wara maasurad. In both samplas thasa high concantrabions ara dua lo by
high ammania values: 33.05 umal L at pairt Cal 3 and 76.66 pymal L at pairt SCHB were dbsarvad,
wharaas al the ramaining poinks the concentrations variad betwaan 1.34 and 1281 pymal L. A nitrale
incraasa in the outlal samplas in companson o tha inlal samplkes was only obsarvad in Dover and
insida the Channal. In Calais the inlet sample contained maore nitrate (20.47 pmal L) than the outlat

al
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sample (18.30 ymal L), but nitrite concantralions ware highar in the oullet samples in Calais and the
Channal and aqually high in tha inlat and autlat samplas in Davear.

Silicate concantrations were also highest in the sample takan fram the setfling tark (TB.53 pumal L)L
Insida tha pords of Dovar and Calais the highast concantrations weara again maasurad al point Cal 3
and paint 5. At paint 5 tha high concantration ariginalas from tha sand al tha baach and at point Cal 3

cantnc distoms wara obsarvad which ara mainly built up by silicata.

Inzida tha ssawatar scrubbar systam high nilrale concantrations wara obsarved, as axpaciad, bahind
the Ecosilencar (19.38 umal L''). At the fallowing paints the nitrale concantralions were raduced lo
17.3 umal L'" at tha inket and 14.73 ymal L at tha outlat af the US filter. In the overoard discharge
the remaining nitrate concentration was only B.55 ymal L. In contrary ko the reduction of nitrale, tha

raducad nitrogen compounds nitrila and ammaonia incraasad slighthy.

Tablka 33 Mutriant concanirations datarminad far tha samples 1akan on 24.03.2004

samp. Seqiom RDP DOF TOF W MOk hH4' DiM SHOH)A
g U pma LY Gmd O] pmd U pmal] pedl] pedl] pmd ] pmd
iBe 4,43 480 083 243 -

Call 018 . . : 185,41
Cal 50.9 0.66 2.7 3.37 0.6 20. 9? 1281 342 14.75
Cald 237 2.20 4. 50 7.0 1034 188 3305 5335 2527
Cak 22 .42 388 4.30 078 25.63 833 3474 10,89
5 H0.9 1.30 315 4.45 .22 2257 1.34 2412 3823
-] 3.7 (R 485 507 .32 20,08 4.11 24.50 704
S0 472 R : : .20 14.72 : : 17.81
S0z 41.5 014 0,20 18.67 : : 1515
SCH1 .6 0.0 .22 T.89 : : o 0
ECH2 &l 0.4 247 855 - - 1822
SCH3 132.0 1.21 .21 14.73 314 18.007 2589
SCHa 1185 0.7 1.62 13,348 611 2111 16.11
SCHS 25.9 orr 017 17.30 363 21.11 .37
SCHg 553 0.35 0,05 19,348 3.0 22,44 12.41
SCHY 230 0.7 0.0 2617 821 347 20.8%
SCHs 380 o2 1.30 11147 G 19 6. G T8.53
B0 226 @11 L&h &0.47 8.55 ot R .28
S8 A49.9 019 130 15.30 R 26.53 582

B.24 Polycyclic Aromatic Hydrocarbons

Tha tatal PAH comants datarminad for the Calais pord samplas ara shown in Tabla 69. Tha higheast
amaount was measurad at point Cal 3. Al this paoint tha PAH contant was aboul doubla the contan
abpsarvad al the athar points. Tha high cantent mighl ariginata from the high amounl of planklc
arganisms absarvad al thal paint. PAHs might adsoid oo tha surface of thasa arganisms and thus
ramain far a kangar tima in tha watar calumn. Alza the PAHs might hawa baan fakan up activaly from
tha walar rasulting in an annchmant of PAHs in tha organims. Tha contants obsarvad at tha
ramaining painls ara about a3 high as thasa dsatarminad far the first sampling. In all samplas
phananthrana was tha dominating compound. High contants wara also datarminad for pyrana and

fluaranthana.

Tha PAH conlanis detarminad for tha samplas takan in Dovar are shawn in Table 70, In all samplas
phananthrana was tha dominating compound 1oa. In fronl af tha “Prde of Kantl®, phananthrana was
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raducad and anlhracana, pyrana and fluaranthana wara slightly incraasad. Al Painl 5 tha particulala
PAH fraction was highar than at the athar paints. This 15 also undardinad by tha high saston conlants
datarminad far that poinl, anginating from tha sandy baach. Loaking at tha tolal PAH amaunts, tha
bweast comants weara found at paint 9 {front of _Prds of Kant”) and tha highast al point 6 (Princg ol
Walas Piar). Closa o this point i a calamaran bardh. Thasa ships blow thair tlua gas diractly inla tha
scraw walar. Additionally al this point thare ara anly low currant spaads and hanca a raducad walar
axchanga. Tha padiclas mighl remain for a longar tima ¢lasa to tha sudace and ara thamatara highar
conaminatad with PAHs.

Tha razults aof the PAH-axiraction from the Ecosilencar samples which wara fakan in tha Channal
during narmal oparation mada al tha _Prida of Kant® ara shawn in Table 70 and Table T2, Taking tha
inkal and tha outlkst into clasar wiaw il can bea saan that the PAH cantant i dbout 10 timas highar in tha
autlat weatar than in the inket watar. Tha PAH composition insida the systam is aboul tha samea at all
paints, with phananthrana dominating and high amounts of chrysana and pyrana alsa. Tha higheast
contants wara found in tha lubea gaing o tha sallling fark and at tha baltom of tha saltling lank. This s
nat supnsing, as contfaminated padicles ara anrichad in tha cyclonas and franstarmrad fo tha saltling
tank. Tha samphkes akan batara and atlar tha LS hillar, which also should ramova padiclas and ail fraom
the waler, shaw that the filter systam warked. The lotal PAH conlent was reduced fram 15151 ng L™ ta
12502 ng L. Within this reduction nat anly the padiculale PAHs are includad but also the dissalved
anas. Tha highast PAH conlants weara datarminad far the sampla 1akan fram the boftom af tha satlling

{ank.

Origin i PAH
Tablas 34 o 37 and Fig. 28 show the calculaled indicaes, which could ba usad to datermina tha arigin
al tha PAHs. A descrplion ol tha basics of thasa indicas i gvan in 54.3. Maarly all rasulls, svan
thosa thal ara nat significant, show a patroganic angin. Tha axcaphions ana tar Flu/Pyr far all samplas
takan in Fabruary withoul sampla Cal 4, and tor tha sacond sampling far all samplas with axcaption o
Cal 3. Far Pha'Anth the axcephons wara in Fabruary paint B and in March paint 9, and far ChriBaA tha
sample takan in Feoruary al point Cal 3 and in February al paint 7.

Takble 34 Indices for the determination of the ongin of the PAHs (samples 11.02.104)

Fel Fel Fel Fel Feb Feb Feb Feb Fel
Cal i Cal2  Cald Cal 4 bl ] 9  S0H1 SOH2

PHEM/ANTH 11.6 10.8 11.9 134 1.4 33 117 124 144
FLUAPYH 12 15 1.7 0.5 14 13 11 11 348
CHREY/BaA LE: i8 0.5 24 gy 17 18 13 45

Takble 35: Indices for the determination of the ongin of the PAHs (harbour samples 24.05.04)
Mach Maxch Mach Mach Mach Mach Mach Mach Mach

Call  Cal2  Cal3  Cald 5 ] El 1] )
PHEM/ANTH 158 151 100 144 151 202 146 157 34
FLUAPYH 05 08 i5 08 04 05 08 05 ii
CHRY/BaA 4.1 248 iz 28 25 12 LE: 3.3 24
a3
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Far a baltar visualisation, tha PhatAnth and Flu/Pyr quotients ara plotlad in Fig. 28 and in a mara
datailad warsion for the samplas fakan on board of tha Prida of Kant® in Fig. 29. In thasa figuras tha
indicas far coal far and shale ail are also shown, Thasa data undarling what the indicas dlona alraady
shawad. Mast of the samplas ara to bad found in tha boardar ragion batwsaan patroganic and pyrahdic
angins. Only tha Ecosilancar samplas (without the samples fram tha inlal) are clearly of patroganic
angin. Thasa rasults ara partially sumprsing. On tha ona hand no claar resulls wara axpactad far tha
harbour samplas, bacausa the samplas wara {akan in haours with high ship trathc, which would
axplain tha patroganic angin. Addiianally thara ara cilies and car routas naarly, tharalora also PAHS
with a pyralybic angin, résulling in an inhamoganaaus mixiura of PAHs from diferant angins, craating
na claarly datinad indicas. On tha athar hand it i surprising, bacausa tha samplas takan insida tha
saawalar scrubbear, should claarly indicala pyrabdic angin. Tha raason that this is nat tha cass might

ba tha incompleta combustion af tha fual and tharslara tha high amounts of “patroganic™ PAHs.

Takble 3% Indices for the determination of the ongin of the PAHs (harbour Ecosilencer samples 24.03.04)
Mawch March March March

20 E02 S04 S0
PHEM/ANTH 1810 34.5 14.1 377
FLUAPYH 04 08 na 04
CHRY/'Bah a7 a5 2.0 2.7
Takble 37: Indices for the determinaion of the onigin of e PAHs (Chamnel of Dover Ecosilencer samples
24.03.04)
kaxh Maxh Maxzh Maxch Maxh bMawxh kaxh Maxh
SCHA SCHz SCH3 ECH4 ECHS SCHs SCHY SCHE
PHEM/ANTH 146 301 574 424 421 5049 54.2 41.7
FLUAPYR 0A8 05 05 03 05 04 05 04
CHRY/Bah 22 4.1 28 28 a3 3.1 27 2.7

[0 a1 T

T mllnaln. 58 DG

CCesnr 110078
Mwanr 24 D008

s Deaared - - KR

¥ o b Coanr 28 05804
=i b I . 54 R
Mo baatar] © hanrared S |

Pryiohyic
2 25 ain an 4.0
[=11="4

Fig. 28: Plot of isomenc phenanthrens/anthracens ralos againat fucranthensfpyrens ratos for all samples
taken im February and Manch
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8 Hesults and Discussion ol anvirmnmanial samplings

Fig. 23 Plot of isomenc phenanihrens/anthracens ratios againat fuoranthenspyrens rafos for fhe seawater
aorublber samples taken in Febauary and kMarch.

To datarmina whathar all PAHs in tha samples ariginala trom ona sourca, a linaar ragrassion analysis

af all substancas with aach othar was padarmad. If 3 regrassion coathciant of 1,000 is absarvad, all

paints arg king an ana lina. That maans, thal in all samplas tha sama ralationship of tha dosarvad

PAH in ralation fo tha remaining PAHs is presant. If all regrassions show an B2 of 1 all samplas hava

tha zamsa compasition and this would indicala that they all onginale from ana sourca. The advaniaga

al this mathod is that the contant has no influanca an thie calculation.

Takble 38 Regression char for the analysis of the sampling pointa (Sampling March). Colours are added for a
betier vigualisaion. Yellow highly comelated, orange and red moderale of low comelalion, dark red mo

aignificant. comalation.
0ot Cald Cald Cad 5

Tl 1 0980 0028 D088 0050 PIed J68 0J85 GO0+ 0027 048 CAE2 CO77 GIE4
Cald 10853 008 DAS4 a5 J85 1088 0978 GETE 04963 0459 0449 B0
il T OO5D DESARDTE D047 0025 02D DASE D408 BE08 0804 0885 0835 D881
Cald 1 09430074 0478 0989 3331056 0.981 0987 0008 0455 0057 0050 1947
=

8

7

8

g

i

E0d

&CH

BCHZ

&CHI 1045 DO98 D95 099 0981
BCHA 1 0457 D89 DATE B9
BOHS 10996 0994 D067
BCHE | 0998 2477
BCHT

ECHE

B

[Ea

Tha rasults far tha regrassions ara shawn in Tabls 38 and Table 39 Tha ragressions of tha PAHs
amang aach athar shaw a high cormalation. Tha anly two samplas that show a dilsrant composition
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8 Hesults and Discussion ol anvirmnmanial samplings

ara (ha samplas fakan from tha inlal insida tha hamour af Dovar and that ana takan in Dawvar al tha
frart af tha . Pride of Kant®.

Takle 3% Regression of compound contents determined for the Samples taken on 240304, Colours are added
for 8 pefler vaualisation. Yellow - highly comelated, red - moderale or low comelaton, dark red - no

Ellglnimrﬂ. COMmSiaion.

= w w = s < = T = i
T T ig = o 0 T
EFE 5 I z 5 > 3 I & 5 g w g

L = ™ o ™ L & & & = =] ] =
ATHY 1 0.845 0.848 0836 0.842 0.913 0.883 0.881 0.809 0.873 0927 08678 0.837 0.808
ATHE 1 0.988 0.988 0.855 0.853 0.856 0.859 0.971 0.911 0889 0.833 0881 0.836

FLRE 1 Q887 0855 0837 082 0.823 085 0883 0882 09 Q846 0801
PHEM 1 0675 0,966 (1952 (U849 0957 0.925 (1954 (837 0.697 (857
ANTH 1 0.964 0.953 (L9456 0.954 0.943 0952 0.947 0.916 (.889
FLUA 1 0.972 0.955 0.951 0.985 0951 Q97 0.971 0.851
PYR 1 0.995 (.989 (L976 0.954 0.994 (.964 (935
Bah, 1 0983 0855 0974 0988 0839 0905
CHRAY 1 0.951 0.888 0881 0893 0884
BiokF i 0918 0884 0897 QLEBG
BaP 1 085 0.888 0L.B54
DahA 1 0877 0.955
BghiP 1 0.955
INDE 1

Additianally to the ragrassion analysis a principal companant analysis was paormad. Tha rasulls ara
shawn in Fig. 30. Tha faatura vactor i shown in Tabke 40, Bgamvacior 1 i rasponsibks for 706 % and
aigamactor 2 i rasponsiole for 1206 %% which sums up fo 90.2 % of tha olal varanca. According 1o
Fig. 30 tha samplas can ba dividad into threa groups. Ona is made up by ana sampla 1akan al point
Cal 3 and is charactenzad by a high positiva valua far aiganvactor 1 and a nagalive valua far
aigarmvaciar 2. Al Cal 3 high conlanis al low malacular waighl PAHs wara obsarvad. This is shown by
tha nagative valua for aigarmvactar 2. Eiganvactor 1 mainly carraspands lo the owarall cortanl and s
pasiliva tar high amounts and nagativa lor low conlants. Tha sacand group shows nagative valuas lar
aigarmaciar 1 and valuas closa to zaro far aiganvactar 2. This group includas the samplas 1akan in
Calais (also traom tha saawalar scrubbear inlat) and the samplas takan in front af tha “Prda of Kanl™.
Thasa samplas ara characlanzad by low contants of phananthrana and high malecular waight PAH
contants. Thea third group contains tha ramaining samplas 13kan in Dovar. Thasa samplas show high
contants of thosa high malacular waight PAHs that ara positiva in tha taatura vaslar,
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I-ﬂ

= .

IR R R PR

Fig. 30:  Resulis of he PCA of the harbour samples

Takble 40: Feaure vecior for the PCA of the harbour samgples

706% 196%
(140} {140}

acanaphtinilana 028 -025
acanaphthana 023 -0.36
fluarana 027 -0.31
phananthrana 0286 0086
anthracana 027 -0.29
fluaranhana 0.30 -0.14
pyrana 020 0486
banzjalanthracana 0.30 022
chryzana 015 041
banza|Hlluaranthana +

banza|k]lluaranthana 0.30 i0.08
banza| spyrana 023 i0.arv
dibanz|a hlanthracana 0.30 -0.07
banza|ghparylana 0.30 016
indeno(1.23 ¢ opyrana___0.31 -0.05
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8 Hesults and Discussion ol anvirmnmanial samplings

8.3 3" sampling (July)
B.3.1 pH, salinity and temperature

Curing this sampling additional samplas o thasa fakan an board af tha "Prda al Kant® and tram tha
haroour walls wara takan. Tha high and low walar dales and the sampling timas ara givan in Tabla 8
andTabla 9. Tha pH, salinity and famparatura data far this sampling are shown in Tabla 41. Tha air
tamparaturas wara highar during tha sampling an tha baal than during tha sampling from the quay
walls. Tha walar tamparalura was highast al Paint C5 and loweast at paint Cal 3 *Quai da la Loirg™. Tha
salinity was lowar in those samplas lakan closa lo thea shara than in thosa fakan insida tha haroour
and loweast al paint Cal 1 and Cal 3. Balh paints ara anclasad by habour walls and walar exchanga s
anly passibls from ana sida. Tharatara the walar has a mara brackish charactar. This & mainly dua o
tha highar buoyancy ol watar with lowar salinity and highar tamparaturas comparad 1o tha coalar walar
in daapar layars. Bacauss ol high tamparaturas and kess wind this stratdication i anfarcad in summar
ard aftan lasts until tall. Fram paint G5 to G700 a slight incraasa inpH was absarvad. As tha saliniy
also incraasad this might ba a salinity alfact. Tha lampearatura al paint G5 was aboul 1 G highear than
al point G50, This might ba an altact of the cooling walar which was approximalaly 3 “C highar than
tha inlat walar. Tha lamparatura, salinity and pH data absarvad in tha habour of Daovar ara shown in
Tabla 42. Tha air famparatura was conslant dunng tha sampling as wall as tha walar tamparatura and
tha salinity. Tha pH variad batwaan 830 at pairt 00 and maximal B.38 af paint D700

Takle 41: Tempsrature, salinity and pH data measured a1 the different sampling points inCalais harbour

pant Tamp [9C] air Tamgp |92] walar Sal [PSU) pH

Calil 150 17.0 29 TEY
Cal2 152 171 a1 Bavy
Calld 158 168.5 29 828
Cal4 173 16.9 32 a2
5 igd g2 a4 828
A0 180 i7.1 a4 8249
350 180 17.2 a4 a8
C700 180 17.5 a5 837

Table 42 Temperature, salinity and pH data measured at the different sampling points in Dover harbour
paint  Tamp |°C] {(air) Tamp |C] walar Sal [PEU] pH

[ 16.4 1549 a4 830
05 16.4 159 a4 B35
050 164 159 a4 B35
035l 164 159 a4 B35
Oyo0 164 159 a4 838
Dav 1 164 1549 a4 B35
Dav2 164 1549 a4 B35
Dav3d 164 1549 a4 B35
Dav 4 164 1549 a4 BaT

Tha watar lamparatura, tha salinity and tha pH valuas far tha samplas lakan insida the ,Prida of Kant®
ara shown in Table 43. Camparng tha inlal and outlat samplas in all casas the affluant lamparatura

a8
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8 Hesults and Discussion ol anvirmnmanial samplings

was about 3 °C highar than thal of tha inlal watar and tha pH was lowar by apout 1.5 pH units. Tha
salinity was naarly constam with 35 PS5 at all paints. Inzsida tha saawatar scrubbar the loweast pH was
found at paint SCHE bahind the Bcosikancar. Al the LS filtar inkat and outlal the pH was alraady 014
pHunits highar and in tha autlal aftar dilution with tha codling walar tha pH was naarly nautral.

Table 43 Seawater scrubber temperatures, saliniles and pH data

ant Ta walar Sal [P H
SD1 178 350 B.3g
sp2 207 34.0 687
SCH1 17.4 350 544
SCH2 20.2 350 649
S[CH3 367 345 314
SCHS 36.0 350 313
SCHE 37.0 350 a0na
SC1 182 350 Big
SC2 2049 350 682

8.3.2 Nutrients

Takle 44 shows the chilaraphyll, saston and nutriant data detarminad tor the samplas fakan in July. In
Cawvar anly at paint 05 tha chlaraphyll contant was high anough 1o ba dataminad. In Galais tha
cortants variad betwean 11.7 ugL™ and 33.1 ug L. The highast cortent was obsarved at the barth in
frant af tha “Prida of Kanl'. Tha saawalar scrupbar inlel and outlal samplas fakean in Calais are aboul
agually concaniraled as thosa |akan fram the transact sampling points. Tha chloraphyll canlants
datarminad far the ramaining saawalar scrubbear samplas ara all within tha samea ardar ol magniluda.
Maarly all seston canlents laid betwean 50 and 65 mg L. Only al paint C5 a higher sastan contant af
BE.7 ug L was measurad. As al this paint the chlaraphyll contant was high too the saston corntant
miasl probably onginated from a high plankltaon goundanca. Insida tha saawalar scorubbar system tha
highast saston conlant was maasurad in tha autiatl of tha LS filter. Comparnng tha inket and outlat

samplas anly in Dovar an incraasad saston comant was obsanrvad in tha oullat.

Tha delarminad RDP, DOP and TOP concantrations show no significant trand and varied batwaan
033 -507umal L (RDP) 0.11 - 2.41 ymal L (DOP) and 1.12 -2.96 ymal L. The highest RDP value
was maasurad al painl Cal 3 Al this paint also the nirale, nilmla, ammonium and silicata
concantrations wara high. As no significantly highar saston ar chlorophyll contants wara datarminad
far that paint # ¢an be stalad that at this paint an algal bkhom stadad. Comparing tha datarminad
concantrations of bath hamours it can ba saan thal in Calais the DIN and silicate concanirations wara

ganaralty highar than thosa in Dowvar.

Taking tha saawalar scrubbar systam samplas imo closar view, il can ba saan thatl tha highast nitrala
concantration was obsarvad bahind tha Ecosilancear. According lo the high ammania concantration
datarminad far tha US-filtar sampla tha highast DIN concanlralion was absarvad al paint SCHS. All
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8 Hesults and Discussion ol anvirmnmanial samplings

autlat samplas showad a highar DIN concantration than the inlal sampla. This & maink' dua lo an

incrazasa in MNOs and MOy,

Takle 44 Chio i phyll, seston and nuiient conceniratons determined for the samples taken im July 2004
=amp. par]  TCHL Sastan  ADP OoF TOF MO [ L MM, ! O SOHY
L g L ol L ol =TS =TS oL ol L oL oL
Cali 7 : 5,??9 ! Tm ol et [-i'.'E1 ! ﬂ? ! Hzn ! E..EE ! Q.fﬂa !
Caz 25 a3 313 - - 1.3 605 I Aad 40027 16.13
Cala 193 449 4 5.07 - - 1.61 6.50 .r2 TEA3 .59
Cald 1.7 ] 1.37 1.12 2.49 1.12 5.2 19249 25740 aad
Ca 33Aa 6.7 0.a3 1.56 2.449 0.7a 165 1563 20407 7448
iCE0 261 B4 .57 1.65 2.2 0.3 3185 16.13 2081 T
G350 195 w7 . .65 142 0.2 A53 1647 2082 T.a7
iC7aa 3 A 1.12 1,06 218 0.0 3148 1642 20.740 TS5
] 6.3 42 6 033 093 1.26 012 242 be B | 6.27 204
00 - Gr2 0.33 243 275 016 2.47 b I | 635 f.ad
[:350 - 4 9 035 0.80 116 0.05 142 4.1d .08 2.3
07aa - A 0.35 0.78 1.13 016 295 142 f.ad 138
D2 - &5 0.33 0.7 1106 0.1z 238 4. 63 713 1E2
Dired - T | 1498 .11 2.0 0.05 2.8 142 5.8 a9.12
S01 7.7 T3 304 - - 015 1o 164 .81 o 4
S0z azv 115.5 1.01 1.28 23 1349 | 154 12 63 2.45
SCHA 21 514 143 035 218 0.04 1.3 288 4.25 12
SCH2 1.8 SE 1.37 1.60 295 .63 497 0.75 5.7 1.18
SCHA 24 145.9 1.28 1.10 2.3 0.3 1725 555 = B3 9.48
SCHE 0.7 4.6 1.9 .62 2.51 0.34 1660 1485 an.ra 1705
SCHE 1.7 Tz 0.42 0.7 1.12 0.33 1683 BED 25745 53
501 14.7 A 035 241 276 042 27 7.2 1042 A6
502 12.4 S 0.3 12 215 2.5 4.05 717 1421 519
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8 Hesults and Discussion ol anvirmnmanial samplings

B33 Polyeyclic aromatic hydrocarbons

Tha PAH corants detarminad far tha samples lakan in Calais hardoour an July 13" are shown in Table
T0. Addibianally tha sum of the pariculale and dissolvad fraction i shown in Table &89, Tha highasi
tatal amount was obsarvad al Painl Cal 1 ({Quai an aau profanda), tha loweast was dalarminad far tha
sample taken at tha habour entranca. Obsarvad tolal amounts wara batween 46 ng L and 69 ng L'
ard show anly liftle varation. In all samplas phananthrana, fuoranthana and pyrana wara tha
dominating compounds. High malacular waight PAHs wara al aimast all locabons bakow tha limit of
dataction.

Tha PAH cantents datarminad far tha samplas (akan in Dovar ara also shown in Tabka 700 Tha lowasl
conlanis wara datarminad for tha samplas fakan at Point 0 5 and D50 and the highast conanis wara
daetaciad in the samples takan al point D 350 and paint Doy 4. With axcaplion of paint D 350 almast no
PAHs bound o particles wara found and tharafara no high malacular waight PAHs wara prasant. Tha
daminating componant in all casas was phananthrana. Al soma locations fluoranthana, pyrana and

chrysana also wara found .

Tha PAH canfants dalarminad far tha samplas t3kan ram tha saaw alar scrubbear systam are shown in
Tabla 72. Gomgaring tha inkat and oullat samplas, thea inlstl samples always show wary low Contanis.
Thasa wara aqually concantraled in Calas and the Channal and had lowar contants in Dowvar.
Howsavar the outlal samples show aboul 40 o B0 timas highar otal PAH contents than tha inlal
samplas, bul navardbaless 10 timas lowar than insida tha system balora the dilution with tha cooling
walar. Tha falal PAH amounl bahind tha Ecasilancar and bahind tha LIS fillar are naarly tha sama,
wharaas tha sampla bahind the cyclana shows a3 lowar caran. Tha major diferances ara dua la tha

phananthrang, pyrana and fluaranthana contants.

Fig. 31 shows tha rasulls of the ragrassion batwaan thea first and the sacond axtraction. On tha lalt tha
ragrassian of tha axiracted matanal waight is shown, Far this datermination tha fillar which was ussad
far tha axtrachion of the pardiculale malanal was waighad batare and aller the axiraction. Balara tha
laltar tha fillar was dried at 100 “C. Tha waight thus delarminad i nal comparable o tha talal
sugpandad matarial, bacausa tha fillar was axtractad and is tharatora raducad in arganic matanal, bul
il can ba usad lo compara tha amourts of axractad matanal batwsaan tha first and the sacond
axtrachon. On tha nght of Fig. 31 tha ragrasson of avary single PAH compound of avary singla

sample datarminad dunng tha first axtraction was plotlad against thasa from the sacond axtrachion.

In bath ragrassions tha slopa and tha B® should ba, in tha bast casa, 1. This would show that dor bath
caszas the amount of axtracled malanal was the sams and that in both axtractions the sama PAH

conlanis wara maasurad. Dua o tha acouracy of the mathod [chaplar 4 2) tha H? and tha slopa mighl
vary. As can ba ssan the diferanca is amallar than 4 % and tharalara within tha slatistical ranga.
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Fig. 31: Regression between 1% and 2™ exwacion. Left: Regression of the amount of exiracted pariculake
maienal [g]. Right: Regrea=on of all PAHz nofL] (sum padiculate, dasolved).

Origin af PAH
In Fig. 32 tha somans ralios of phanantrang’anthracanea and ftuoranthana/pyrana ol tha harbour
samples and the saawaler scrubbar samplas ara shown, Tha Calais habour samples show a
bahaviour similar to tha habour samplas 13kan in Fabruary and March and are siluatad balwsan a
patraganic and a pyralytic ongin. In contrast tha samplas takan in Dovar ssam o anginalta from a

patroganic pallubion sourca,

Thaha Ecosillancar samgplaes also show a comparable pallam. Tha PAHs from tha sampla bahind tha
Ecosilancar and fram thosa balora and bahind tha US filtar have high phananthrana o anthracana
ratias and low fluaranthana to pyrana ratios and ara tharsfora most lkaly of patroganic angin. Tha
PAHs in tha outlsl samples ssam o ba of patroganic angin but not as makadly as the undilutad
samples. Tha inlat samplas ara comparabla ta tha harfoour samplas.

& e
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[ R o 8 E. i Dl
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T PO Y i G
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Fig. 32: Plot of isomenc phenanthwens/anthracens ralos againgt flusranthens/pyrens ratios for all hansour
samples (lefl) and seawater soubber samples (right].

Tha rabins of banz|alanthracana and chrysana, which can also ba usad lo dalarmina tha arigin of tha
PAHs in tha samplas ara shown in Tabla 45, 1t can ba saan thal in mast casas tha contants of tha twa

compaunds wara boo low and tharatara this indax could not ba usad to datarmina tha angin. Only tha
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coranis of the oullst and the saawalar scrubbar samplas wara high anough. Tha gquabants of thasa
samplas ara graatar than ana and tharatora indicals pyrabdic angin.

Takble 45 Cuotient of beng glanthracens and chiysens.

::::TL Cali Cal 2 Cal3 Cal 4 L a0 350 L
BaA/CGHRY  1.00 000 - - 1.00

:‘:::fl' Dava Dovd Dovd D5 D5s0 0351 Dyod

BaA/CHRY - - - - - 020

:I':::fl' S0 S0 aSCH1  SCHE S01 S5CG2 SCH3 SCHH  SCHE

BaA/GHAY  0.00 1.8%9 0.00 147 000 186 2563 246 226

Table 48 Fegression of PAH componenta, yellow shows high comslaton

e W L 5 = <L L o L

tc 8 0 E 35 £ 5 E % oo OB Y

< < B8 x &8 m D @ m o o =
ATHY 1 0.851 (.965 (.532 (.925 (.93 0.922 (.927 0.901 (.939 (.942 (.936 (.54 (0.935
ATHE 1 (979 098 0.957 0882 (L967 (.972 (.943 (884 (992 (578 .986 0983
FLRE 1 0.993 0.991 0.994 0.984 (.987 0.976 0.987 0.994 (.981 (.988 (.99
PHEN 1 099 0.999 0.996 0.998 0.99 0.991 0.993 0.979 0.988 0.976
ANTH 1 0991 0.986 (.98 0.989 0.979 Q.88 (.973 0.977 0.971
FLLUA 1 0.994 0.998 (.98 0.993 0.994 0982 0.99 0.9
PYR 1 0.995 (.994 0.977 0.981 (.959 (.972 (.959
Bah 1 0.992 0.991 0.839 0.979 0.987 0.97
CHRY 1 0969 0847 0,951 0.962 0.943
BiokF 1 0.996 0.996 0.999 0.986
BaP 1 088 0987 0.993
DetA 1 0.998 0.988
BghiP (T T
INDE 1

To axamina whathar tha PAHs inside the harbour ariginala from ona sourca tha ragrassian
costhiciants tar the linaar ragrassion of tha compounds wara cakulalad. Thasa calculations might
show, whalhar tha compaosition of the 16 EPA PAH=s are comparabls among each othar. Tha rasulis
ara shown in Table 46. || can be saan that all compounds ara highly camalalad. As many PAHs had
valuas lowar than the dataction limil and soma like phanarthrana appsarad in high contants, tha
rasults might only “pratand” a high comalation. Tharalora thea H® was calculatad far tha linaar
ragrassiaon of aach station with tha ramaining slations. Tha rasulls ara shown in Tabla 47, | can ba
saan thal sampla Cal 3 does nol carralata with any othear sampla, and that tha samplas takan tram tha
saawalar scrubbar ara anly modaralaly corralatad with tha harbour samplas. Howavar tha harbour
samples and the inkel samplas with axcaption of the Channal inkel sample also show a good
comalation aa do the 5WES samples amang sach othear. In summary il ¢can ba said that tha hardoour
samplas and the ssawaler scrupbar inlal samples show a similar PAH compasibion. Tha saawalar
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scrupbar samplées maka up anathar group which is nal evan comparabla lo the samplas lakan diracthy
in frar af tha autist of tha "Prda of Kan™. Tha PAH compasition of paint Cal 3 is folally difarart from
tha ramaining samplas.

Takle 47: Fegression of sampling points. Colours are added for a betier visualizaion. Yellow - highly comelated,
orange and red moderate or low comelaion, dark red - no significant comslaton.

Cal1 Gal2 Cald Gad NS o850 S0 GTm jas  OSio S0 O Oeve Oawd 50 50§15
OLEESH L ﬂ.ﬂﬂﬂ.ﬂﬂ
[LEEIS (LEA S (LEET rLEE A

B4S N9 LB

MF
nua LS e s o Euz

Princinal arahe

In Fig. 33 and in Tabls 48 tha results of tha PCA of all harbour samplas and the 5WS inlal samplas
takan in July ara givan. In this casa aigameacior 1 accounts far 33.6 9 and aiganvactar 2 forT9.7 % al
tha total vananca. As both vaclors anly maksa up 52.3 % of the tolal variancs anly a par af tha tatal
varability within thasa samplas can ba axplainad. Accarding 1o the PCA plat the samplas can ba
dividad info thraa groups. Tha first ona s made up by G50, GFO0, 05, D50, D700, Dov 2, 501 and
SC1. Thasa samples ara all in tha third quadrant maaning thay ara nagaliva an bath axas. Looking al
tha taatura vactar this indicatas low ovarall concantrations and espacially low anthracans, pyrana and
fluaranthana concanirabions. Tha sacond group & mada up by tha samples Cal 2, Cal 3, Cal 4, C 350
and Dov 4. Thasa ara in tha sacond quadrant maaning thay ara positwvaly ralated o aiganvactar 2 and
nagativaly ralatad lo aigameactar. As aigamiaciar 1 i mainky posiiva, this indicalas, that the samplas
af this group hava highar contants tha mara thay ama siluatad an the positiva sida. Tha third group s
mada upby Gal 1, G5 and D 350. Thasa samplas also showad the highast ovarall concantration. Tha
pattam thal i drawn in Fig. 33 & naary tha sama, which ¢an be absarvad in tha ragrassion char
(Tabla 47). Cal 3, Gal 1, G5 and D350 ara saparalad and have only low comalatiaons with tha

ramaining painis, wharaas tha ramaining painis ara highar comalatad.
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Fig. 33: Resulis of he PCA of the harbour samples

Table 48 Feawure vecior for the PCA of the harbour samples

336% 197 %
(140} (140}

acanaphttnlana 016 048
acanaphthana 005 031
fluarana 002 006
phananthrana 023 004
anthracana 015 050
fluaranthana 043 na2z2
pyrana 041 027
banz|a|anthracana 0.38 026
chryzana 018 026
banza|Hfluaranthana +

banza|k]flvaranthana 037 0049
banza| spyrana 0.349 011
dibarnz|a, hanthracana 027 .36
banza|ghiparylana 016 048
indana(1.2 3.c.opyrana 005 031

65

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



8 Hesults and Discussion ol anvirmnmanial samplings

8.4 4" sampling (September)
B.4.1 pH, salinity and temperature

Tha dala and tima whan tha samplas wara lakan during the fourth sampling are givan in Tabks 9. Tha
high and low walar limas ara shown in Tabla 8. It can ba ssan that in CGalais tha samplas wara fakan
during high tida and thraa hours allar high tida. In Dovar tha samplas wara (3kan approximataly ona
haur altar abio tida.

Tha pH, salinity, air and walar iamparaluras ara shown in Table 49 (Calais), Table 50 (Dovar) and in
Tabla 51 (ssawatar scrubbar). Tha air lamparaluras dunng the sampling fram the quay walls in Calas
vanad batwaan 19.0 and 185 C and tha walar lamparalura batwaan 21.5 and 22.1 “C. Dunng tha
sampling fram tha small baatl al poin G0, C5, C50, G350, CT00 tha air tamparatura was aboul 3 ta
4 9 highar. Tha walar tamparatura atl painl G5 and C50 was sightly incraasad (0.5 ) wharaas tha
ramaining points had about tha sama walar tamparatura as the samplas takan from tha hamour walls.

Tha incraasa in tamparature might ba an altact of tha saawalar scrubbar affluant.

Table 4% Temperaure, salinly and pH dats measured at the different sampling poindz in Calaia harbour in

September
. Ta Ta

Paint air“""":] “EE"’E] Sal [PSU] pH

Call 195 221 341 785
Cal2  19.5 22.1 34.0 797
Cal3  19.0 215 319 789
Cal4 181 21.9 337 804
co 223 533 34.3 808
C5 235 3.1 34.6 808
C50 230 22,8 347 8089
C350 227 228 347 8089
C700  22.7 22.9 34.6 8.10

Takble 50: Temperature, salinily and pH data measured at the different sampling poinds in Dowver harour i

Seplember
; Ta Ta
Point 2P [*C] b Gl saippsyl pH
D5 264 228 35.1 807
D50 244 223 353 804
D350 251 221 5.0 805
D700 236 251 5.0 804
Dov1 233 522 35.0 807
Dove 226 552 35.1 808
Dova 226 21.9 35.1 808
Dovd 250 522 357 808
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Tabla 31 shows that the saawalar scrunbar ouflat watar was 13 1o 17 G warmar than tha inlal walar.
This diffarancs i mara than 10 G highar than those obsarved dunng tha first thres samplas. An
incraasad lamparature was also obsarvad al tha first and sacond paints in Dovar in a distanca of 5
and 50 m away from tha outlal. Al paint 5 tha tamparature was 0.7 G highar than al the ramaining
paints insida tha haour, with the axcaplion ol pairt Dov 3 in thea middlea af tha parl, whara tha
tamparatura was tha lowast (21.9 G Insida the saawalar scrubbar systam the highast tamparaturas
wara maasurad diractly alter the Bcosiancar, in fronl of and bshind tha USdillar. Hara tha
tamparaturas wara 451, 453 and 46.2 €, raspactivaly. Tha walar in tha saawalar scrupbar autlal shll
had a lamparatura of 35.7, 37.1 and 37.6 T. The pH insida tha hamour was naarly canstant far all
samplas with axcaplion of tha zamples (akan from the quay walls in Calais. Insida the saawalar
scrubbar systam tha lowsast pH (3.05) was dataminad in tha pipa laading to tha satfling tank and akso
bahind tha LIS filtar. Tha outlat weatar in Dovar, tha CGhannal and Calais showead a pH of 6.2, 6.4 and
6.15, raspactvaly. Il was dbout 1.7 pH units kowar in comparison 1o tha inlet watar. Tha samplas (akan
insida tha CGhannal had a salinity of aboul 37 wharaas in Galai and Dovar tha salinity variad balwaan
34 and 35, Al point Cal 3 a salinity of anly 31.9 was absarvad dua to the anclosad situation al thal

sampling painl

Takle 51: Tempseraure, salinity and pH data measured at the different sampling points in the seawaler saubber

im Seplemiber
. Ta

Paint waE Tl sapsy pH

SO1 240 34.4 799
sb2 376 357 6.20
SCH1 230 36.0 508
SCH2 371 36.0 6.40
SCHI 453 36.8 3.14
SCH4 425 366 305
SCHS 462 36.8 305
SCHE 451 36.4 3.13
SCH7 385 37.0 304
SC1 207 34.5 788
SC2 378 34.7 6.15
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8.4.2 Nutrients

Tha chiarophyll, seston and nuirant concantrations delarminad tar the samples takan in Saplambar
ara shown in Table 52, Il can ba saan thal in Davear the chlorophyll concantration was ganarally kowar
than in Calais. Tha highast chlarophyll content was maasurad at paint Cal 3 (181.9 ug L), Al this
paint alsa tha highast saston, siicata, ammanium and HODP concantrations we datarminad, wharaas
tha nitrale concantration was tha lowsast absarvad in all samples. This shows that thare was an algal
bloom at this paint. Tha nitrala concantration was reducad batausa it B usad a5 an impardant nitragan
supply. Ammonium s tha first dagradation product af nitrogan -containing arganic matanal. Hanca tha
highar concantralions in tha harour watars of Galais indicale thal somde dagradation aleady had
takan placa. At the remaining paints in Calais the chlorophyll concantrations vared balwsan 5.1 and
484 yg L. The lowest value was dbserved at paint Cal 1 and the highest at C350. In Dawver
Chlaraphyll concentration between 4.2 (Dov 4) and 12.8 ug L' (D350) were dbserved. Tha RDP,
COP, TDP, saston and silicata valuas wara all within tha sama ranga as in Calais, wharaas tha nitrala
concantrabions wara incraasad and the ammanium concantrations wara kawar in Dovar. Taking a ook
at tha first transac! samplas D5 and G5 it can ba saan that the nitrale concantrations ara gighithy
incraasad in comgarisan 1o the othar paints. This could ba an aflact of tha saawalar scrubbear bul also
af autrophication dua to tha anclosad araa and tha ship rathic.

Table 52 Chigrophydl, sesion and nuiient concentraions delenmined for the samples 1aken in Seplember 2004

=i

ping TCHL Sasin ADP nop TOF MO, M, OM S{0H
L1 (gLl  [eeail ]  pmoll]  [eeoll]  [eeell]  [aeell-]  [@eall-]  [avelL]
Call a1 = 1] 0.a7 0.13 1.0 4.05 12 60 1729 T2
Cal2 162 557 .97 0.a7 1.4 aTE 14240 18 &0 B.&7
Caa 181.9 100.8 4.50 0. 4.81 0.75 41493 £3.19 1473
Cald 229 &40 0G5 ] .95 a.a2 Q.28 132346 692
Cia 232 85 0 0.47 .52 .99 2.7 .28 11549 653
CE b | TH2 0. 0.E1 0.9 A58 a.95 1402 684
CE 432 i 2 0.ar 0.56 .94 278 T7.93 11.149 .64
C350 484 TE S .37 a.19 .56 2.682 a.02 12102 504
C70 449 &7 0.3 .50 0.7 288 14 1147 4.18
05 7.2 a5 .55 035 .90 288 .63 3.80 6.78
00 105 5.7 .65 .06 0.7 250 1.560 4.1 .46
0asa 124 58 A 023 0.24 0.47 2.58 1.44 4.1 4.94
07aa 104 T2 8 0149 0.13 oI 4.33 034 506 .00
Dierel 549 748 .55 0.23 .78 737 1.22 a.ar .02
Oere2 9.9 &1 .44 .09 .53 643 1.38 7.2 .00
ODowd 7.6 G5 6 .44 .08 .52 a2 1.41 i .49
Dered 4.2 | .21 0.03 0.24 4.7 1.78 635 602
=M 165 2.1 023 0.9 032 A3 1.43 a3 .1
=02 a6 39 0.2 .08 0.3 T.EA 2.42 10.749 .00
SCH1 A7 a7 A 0.0 0.9 0.2 R 2.2 6.6 a9
SCH2 &A1 G510 0.2 0.03 0.23 aT7 2.08 6.27 a5
2CH3I 102 541 0.7@ 0.29 1.07 19.21 4,33 Z1E1 7.58
SCH4 9.6 TO& 1.35 0.23 1549 2158 .40 3 E1 121
SCHE &7 1.1 0.3 Q.10 .43 1827 AET X2 695
SCHE 4.6 Gr A 0.9 Q.09 1.8 17 85 3.44 2132 10.04
SCHT 7.4 a1 1.54 .08 162 M A5 4.50 26140 12 28
501 491 G148 (.64 0.15 0.7 aA7E 8.3 12 63 870
Sc2 20 G2 o0&  ox; 065 5@ 7¥ 1354 760

Looking al the saawalar sorubbar inlel and outlst samples # can ba ssean thal the nitrata
concantratians ara highar in tha outlat, in Calaes thay avan doublad. On board, tha highast nilrala
concantrations wara nal absarvad diraclly bahind the BEcosilancar but at paint SCH4, tha pipa leading
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to tha =altling tark, and atl poinl SCH7F, tha saltling lank. Thasa painls also show high TDP, silicata
and saslon valuss, As silicals i the main substance of which distom ftests ara built up o & nal
sumrising that i i annchad by tha cyclonas in tha saawalar scrubbear systam. Companng tha inkt and
autlatl samplas it can ba saan thal the nitrate concaniration dus 1o the farmation of nitric acid in tha
Ecasilencar s incraasad. Additionally tha saskon conlant is highar in tha outlel sampkas. This might

rasull from ramaining so0l particles anginating from tha scrubbing procass.

B.4.3 Metals and Sulphate

Tabk 53 shows tha sulphala, aarth and transition malal concantrations datarminad far the samplas
takan in Dovar and Calais diractly in front of the seawalar scrubbear oullsl and insida tha saawalar
scruppar syslam. i can ba sean that As, Ba, Cd, Co, Gr, Cu, Mn, Ma, MNi, Pb could notl be dalaclad. Fa
was anly found insida tha saawalar scrunbar syslam but not in tha inlal and the outlal. Tha highasl
iran carant (4513 pph) was found at point SCHY in tha pipa lsading la tha saltling fank. Ona raason is
tha vary low pH maasurad at this paint which incraassas the solubility of iron. Anathar raason i that all
paricles calkectad in the saawalar scrubbar systam, which also contain rust, are oncantralad in tha
cyclanas and pass this ppea, and a third aspact might ba an ovardlow pipea from tha funnal which flows
inta the saftling tank ppea shorlly batora paint SCH4 and which might contain partickes and rust tram
tha tunnal. Tha samea raasans might ba respansiola tor tha high vanadium concantration maasurad al
paint SCH4. Howevar K, Li and Mg have naarly conslanily contaris in all samples, wharaas tha
slrantium concantration i highar in Calas than in Dawar.

Table 53 Sulphate, sarth and wansifon metals detlermined for the samples taken in September |- Delow

dadeciion hmii)
S01 502 SCHI SCH2 SCH3 SCH4 SCHS SCHE SC2 SC1

As  ppb - - - : : : : : - -
Ba po - - - : : . : : - -
Ca ppm 383 397 383 386 404 407 404 411 411 389
cd p0 - - - : - - : - - -
Co p0 - - - : - - : - - -
Cr  ppo . . . . - - . - . -
Cu  ppo . . . . - - . - . -
Fa ppb 803 4513 687 €80

K ppm 380 380 390 344 A60 400 400 380 a7 230
Li ppo 180 180 170 180 180 180 180 180 180 180
Mg ppm 1235 1230 1205 1205 1260 1265 1255 1290 1265 1220

Mn ppb - - - -
Mo ppo - - - - - - - - - -
Mo oppo - - - - - - - - - -
Fb  ppo

SO4 ppm 2670 2710 2590 2800 2940 2940 2990 2980 2870 2530

Sr ppb 7880 Y70 TF515 TIOS 7915 915 8020 8055 8035 7620

vV pmo : . . . 155 420 240 170 . -
Zn__ pgo : 240 : : 455 - 395 380 : -

Jine was anly datarminad in tha oullal sampla in Dovar and at paints SCH3, SCHS and SCHE, but naol
in tha ppa gaing 1o tha sallling lank and in no athar oullal sampla. Tha sourca far this conlaminatian
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might ba the wvakes usad dunng the sampling which might confain zine. Otharwisa d zine would
anginata fram tha systam idsall # should also have baan dataclad al point SCH4 and in tha autlal

walar.

Az axpaciad tha sulphats concanitration was incraasad insida the ssaawalar scrubbar dua o tha
tarmation of sulphunc acid, but companng tha in and outlst samgple fakan in the Channal no incraasa

was obsanvad.

Summarizsing the dala of Table 53 i can ba said thal no incraasa in thea melal or sulphala
concantration was absarvad oulside the “Pnda of Kenl and thalt the increassd Fea and W
concantrations wara anly absarvad insida tha ppea kading 1o tha saltling tank. As thae walar and tha
pariclas fram the saitling tank willba traalad in a spacial way [depasition ar burning), and as Fe and
ara naot taxie, no nagativa aflact is 1o ba axpaciad.

B.4.4 Polycyclic aromatic hydrocarbons

Tha concantrations of tha datarminad dissolvad and partick bound PAHSs ara shawn in Table 70 and
Tabka 72.Tha total amounts of all EPA PAHs {withoul naphthalana) ara givan in Tabka 69, Comgparing
tha tatal amaunts with the samgplings in February, March and July, # ¢an ba saan that tha contants in
Seplamber wera especially in Calais about 100 ng L higher than in July, but the overal
concantrations whara nal as high as in March ar Fabruary. All analysad concantrabions wara sitlualad
balwean 44 and 248 ng L with exceplion of the outlel samples whare concantrations of 3422, 3263
and 3577 ng L ware determinad. Taking a closar view al tha single compounds it can be seen that
almaost nao acanaphthana, acanaphthylana, amhracana, barzao|b+k|fluoranthana, banz|a)prans,
dipanz| g h|anthracana, banzolgivlparylana ar indana|1,2,3,cd]pyrana wara prasant. In all samplas
phananthrana, luoranthans and pyrana dominatad. Thasa thraa compounds as wall as tluarana wara
also the dominating mpounds in tha saawaler scrubbar alfluant, wheara  phananthrana
concentrations of 1400 ng L™ wera detacied. Mo increasad contents of high malacular weight PAHs

wara found in the oullsl samplas.

Looking at tha PAH concaniration daterminad &, 50, 350 and 700 m away from the saawalar scrubbar
autlat no increass was apsarved. In contrary tha transac! samplas (akan in Calais show lowar PAH
concantrations than the samplas (akan from the quay walls. Additionally tha blank sampla lakan
befara the *Pride of Kert™ arived showad a highar PAH concertration {133 ng L) than the sampla
taken at point C5 (109 ng L") In Dover the sample taken 5 m away from the oullat had a contert
similar 1o the sample from the middla poart a paint Dov 2. All thasa obsarvations show that tha

saawaltar scrubbar alfluant doas not seam o incraasa the PAH concantration.

Inzida tha seawatar scrupbar all lour- and five-ning compounds with tha axcaplion of fluaranthana and
pyrana wara naarly complataly found bound to the particulale fraction. Phananthrana which padially
mada up about 50 % of tha tolal amaount of all maasurad PAHE was also found in high concantralions

i,
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in tha pariculate fraction. This shaows thal mast af tha PAHs ame bound 1o soot padiclas, and that an

aftactiva ramaovea of thasa particlas is abla 1o lowsar thasa concantratians significanthy.

LAy MEASUNEME. m M=an = = Kan
Quality of nt: Comparison 1* and 2™ axtracti

Fig. 34 shows tha ragrassion af the axtradad and drad filars and of tha datarminad PAHs (chaplar
8.3.3) In bath casas high corralation coathiciants and slapas closa 1o ana wara obsarvad. Tharatara

tha results of tha first and the sacond extraction ara vary similar.

0O15 10000

1% exiraclion

Fig. 34: Regression between 1 and 2™ exwacion lef: Regression betwesn the amount of extvacied pariculaie
maienal [g]. Right: Fegresson of all determined PAH concenfrations [ng] (sum, pariculate,
dizsolved).

Oriain of PAHS
Ta datarming tha arigin af tha PAH:s a regrassion of the compound concanirabons amaong aach athar

and a ragrassion af the concantrations datarminad al the zingle sampling points was parlormad. Tha
results ara shown in Table 55 and Table 54.

Tha carmalation coafhiciants of Table 54 show high comalation coatliciants tar naarly all compounds.
Whan a high carralation batwaean far axampla fluaranthans and pyrana was found this maant that at all
paints whara high concantrations of fluoramhbana wara maasurad, also high concantrations o
phananthrana wara maasurad. I tha ralalve ralations of all compounds wara tha samea at all poinis,
and diffarancas anly gppaar in tha concantration idsall, high cormalation coalhiciants would ba obsarvad
far all compounds. As the anthracans concantrations wara oflan closa to ar kow'ar than tha dalactian
limi, tha H? far tha carralation with this compound i low. Tha sama raason can ba gvan far tha low H?
asarvad for tha comsalations with dibanz|afanthracana and acanaphthylana. As this mathod of
ragrassian analysis s nol vary spacific and givas no infarmation about tha similarity of single sampling
paints, a regrassion of tha absarvad PAH concantrations of tha sampling points was also padormad.
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Table 54 Fegreasion of compounds . Colours are added for 2 better visualizaton. Yellow - highly comelated, dark
red - mo signifcant comelation.

cte 5 §E 3 £ 5 £ x5 5 8 §
Lo Lo _m o m m___ =

ATHY 1 0.819 0.851 0676 0.874 0.851 0.891 0.93 0750 0.921 0941 0.634
ATHE 1 0994 0888 0927 0976 0.978 0.974 0.956 0.948 0.824 0.815
FLRE 1 0997 0918 089 0991 0987 0.982 0,959 0.851 .I:Lm:a
FHEN 1 DBS5 0.996 0.995 0.991 0.992 0.952 0.878 0.823 (.872
ANTH 1 DE72 0.873 0.9 0.855 0.852
FLUA 1 0999 0.989 0.996 0.815 (.942 (.899 (.856 (0.896
FYR 1 0.991 0.997 0811 0.943 (.898 (.852 (.894
BaA 1 0.993 0.768 0.974 (.848 0.805 0.843
CHRY 1 0831 0.943 (.902 0.863 0.899
EiokF 1 0.956 0.99 (.965
BaP i
DahA 1 097 0897
EghiP 1 0881
INDE i

Takble 55 Regression of sampling pointa. Colours are added for 3 better visualisaton. Yellow highly corslated,
orange and red moderate of low comelaion, dark red no sgnificant comrelaion.

ool i Onle Coid Coid

p=
S0
S0

S04
e
S0
A
S0
SR

Taking Tabla 55 into chosar viaw, it can ba saan thal most of tha samgpling paints ara highly comalated.
Ezpacially the comalation batwean the seawater scrubbar samplas among each athar and tha Calais
samplas amang aach othar showead high H* valuas indicating that tha PAH compasiion of thasa
samplas is similar. In contrary tha carralation of tha samplas (akan from tha harbour in Davar ssam fa
ba diftarant in thair composition fraom tha samplas lakan in Calais. Thay show only modarata
comalation coathiciants lar thasa ragrassions, but high comalation coatticiants whan comparad with tha
saawalar scrubbar samplkes. Tha samples takan tom thae Calais transast are only modaralaly
cormalalad with the samples lakan from the saawalar scrubbear. Summarising can be said, that all
Davar samplas show a comparable composition whilke the Calais samplas arg nat comparaibla 1o tha
saawalar scrubbar samples. Tharatora tha compasition of the Dovar and Calais samples is diffaran

{oa.
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Additianally to tha regrassion analysis a princpal companant analysis (Fig. 36, Table 57) and an
analysiz of tha isomarnc ratics of phananthrana to anthracana, fluoranthana o pyrana {(Fig. 35) and
banz|ganthracana o chrysana (Tabk 55) was parlormad. Tha plal of tha phanfanth ratios against tha
flua’mer ratios indicatas that the saawalar scorubbar samplas saam o onginata from a patroganic
sourca. This would undaring tha rasults of tha pravious samplings. Tha sama halds for the Bomanc

rabias of banz|alanthracana and chrysana which ara all smallar than ong and tharatore indicala a

pyralytic angin toa.

100 ] ,
ag - a Dover
a0 o Calais
g petrogenic DEWS
% :z & cutlet
i 50 -
& 40 ﬁfnﬁu
5 a0 o .
2 a0 I o
10 + -
. e pyrolyie
0.0 0.5 1,0 15 2.0 25

phenanthrens | anthracens

Fig. 35 Plot of isomenc phenanthrena/anthracens ratios against fuoranthenspyrens ratios for al samples

Tha phananthrana o anthracana ratias of tha habour samplkas ara clasa 1o tan and tha fluaranthana
to pyrana and tha banz|alanthracana to chrysana ratios ara closa o ona. This might hawvea tha sama
ragsons as thosa mantionad in tha discussion of tha Faoruary, March and July samplings. Tha axplicil
patraganic charactar af tha sampla D 350, which shows naarly tha sama isamanc rabios as the oullsl
samplas cannol be axplainad. Parhaps a thin ail film flowing an top of tha walar contaminalad this

sampla.

Tha principal companant analysis undardinas and spacihias tha rasulls of tha ragrassion analysis. From
this tha samples can ba dividad ino thraa diflerant groups. Tha first group B mada up by anly ana
sample: Gal 2. This sampla 5 charactansad by ralative high anthracana, fluoranthana and pyrana
conlanis. As paint Cal 2 is silualad closa to the place whara tha sarvice boals anchar, thase mighl
anginata tram tha lightar patralaum usad far thasa boals.

Table 55 The quotient of benz] a)anthracens 1o dhiysene can be ussd 3 marker for the ongin of 3 sampls

sampl.paint Call  GCal2 Cald  Cald4  C0 5 50 350 700
BaAsCHRY 0.2 08 048 05 05 0,0 1.2 10 10

sampl. pairt . Dav 2 Dowd  Davd [ D5 D50 0350 0700
BaA/CHRY 0,7 R 10 05 0.7 04

samgl. paini S0 sS02 SCH1 SCH2 SC1 5CG2 SCH3I SCH4 SCHS SCHE
BaACHRY 06 06 06 05 05 05 05 05 06 05

73

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



8 Hesults and Discussion ol anvirmnmanial samplings

veke,
B2 T
2 ey
- AL
T
" PR o
-
3 (=]
=
e
i s e tel
'2 Sem LIIZ
n -
e, B
E
-
1 it
- -
l.I - L 3 I-I
e L T el g

Fig. 38 Resulis of the PCA of the harbour samples

Table 57 Feawure vecior for the PCA of the harbour samples

422%  17.9%
(140} (140}

acanaphttnlana 014 024
acanaphthana 028 0149
fluarana 013 0.18
phananthrana 0.30 008
anthracana 015 .34
fluaranthana 032 041
pyrana 039 022
banz|a|anthracana 024 051
chryzana 020 052
banza|Hfluaranthana +

banza|k]flvaranthana 040 002
banza| spyrana 0.36 012
dibanz| g, hanthracana

banzolghlparviana 0.36 003
indana(1.2 3¢ opyrans 0.14 020

Tha sacond group s mada up by tha samples O 50, Dov 2, C 350, C & Cal 1, C 700 and S01. Far
thasa samplas bath aigarmvaciors ara nagative. Tha sacond aigameactar which i plofled an tha y-axs
mainky shaws high chrysana, banzja)anthracans and indanal 1,2 3, ¢ dpyrana cancaniratians. All tha
samplas of thie group wara (akan closs o the antrances of tha pors of Dovar and Calais. Thasa
paints wara influancad from tha channal walar which was nat influancad by pord achvities and
tharatora cantainad lass patraleum-danvad PAHs.

Tha third group i mada up from the samplas insida tha haour and it makas no diftaranca whathar
thay wara akan tram tha transact ar nol. Tharatora it can bea slaltad, thatl the samplas ara quita similar

within thair compaosition and thal the seawalar scrubbear obviously doas nol changa this composition

signiticanthy.

T4
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8 Hesults and Discussion ol anvirmnmanial samplings

85 5" sampling (November)
B.51 pH, salinity and temperature

Tha sampling datas as wall as tha high and low watar limas ara shown in Table 8 and Tabka 9. Tha
samples in Calas wara takan dunng low tida and tha samgplas in Dovar during high hida,

Tha air and watar lamparaturas, the pH and tha salinity delarminad tar the samples takan in Calais,
Dovar and insida the "Prde of Kant® ara shown in Table 58 Table 59 and Table 60. Tha air
tamparatura in Calais was 13 °C al all points. Tha walar tamparalure was a liltle bil lowear and vanad
batwaan 11.1 and 11.6 C. A tamparalura incraasa in front of tha oullal of tha saawalar scrupbar al
pant G 5 as i was absarvad dunng tha sampling in July and Saplambar could nol ba dalaclad this
fima.

As mantionad batara, tha samplks from paint G0 and G5 wara not takan from tha samsa pasition. GO
was lakan balora tha arrval of the “Prda of Kanl but at a paralisl quay farar insida tha port. That is
why tha pH was lowsar than al point G5 and closar ralalad 1o the pH obsarvad al pairt Cal 2. Tha
bweast pH was maasurad, comparabks o tha sampling batarg, al paint Cal 3. Thes point also showad a

kawear salinily (30.7) than tha ramaining painis. Tha reason mighl be tha anclosad position of this paint
Tha tlhadgata which can ba ssan in tha map in Table 6 & only opanad Wwicae a day and tharatara thara
i anly litle watar axchanga and the walar 5 gatling mara brackish at the surface and stratihication =
anfarcad. Al tha ramaining paints tha salinty was naarly constani and variad batwsaan 328 and 33.0
with axcaption of paint Cal 2 whara a salinity of anly 23.5 was obsarvad.

In Dawear tha pH rangs was smallar than in Calais. Tha lowsst pH (8.15) was absarvad at point Bov 3
ard tha highast (B26) at paint D50, Within tha transact samplas no significant dacraasa or incraasa in

pH wwas obsarvad. Tha walar and tha air lamparature was naarly constant at all paints and akso tha
salinity varnad only baetwaan 34.2 and 343

Table 58 Temperature, salinly and pH datas measured a3t the diferent gampling pointz in Calaia habour in

November 2004
Pain :fr'""’ [l EE Tl on salpsuyl
Call 130 11.6 795 325
Cal2 130 11.4 776 235
Cala 130 1.1 792 307
Cal4 130 1.5 818 329
Co 130 1.5 786 329
C5 130 1.6 812 328
CS5 130 1.6 811 328
C350 130 1.6 812 328
C750 13.0 11.5 812  33.0
75
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Table 5% Temperature, salinly and pH data measured a3t the diferent gampling pointz in Dover harbour in

November 2004
Paint :f:""’ [*Cl :E'a:': Tl ol salppsul
DO 130 1.7 823 342
D5 130 11.6 824 34.2
D50 130 116 826 343
D350 130 1.7 825 343
D750 130 116 817 343
Dov1 130 116 821 344
Dav2 130 11.6 818 344
Dov3 130 11.5 815 343
Dov4 130 11.5 819 343

Table 80 Temperature, salinity and pH dais measured at the dfferent sampling pointa in the ssawaler aoubper
heastour in Mowvemiber 2004

Paint 12T oy ga(psU]

walar
s 13.2 B3z 334
sh2 27.4 647 34.8
SCH1 140 B2B 343
SCH2 262 666 350
SCH3 355 335 357
SCH4 341 267 3h4
SCHE 354 334 358
SCHE 3649 330 355
SCHE 241 37a 3580
ac1 13.6 TA1 330
SG2 285 633 335

Insida the saawalar scrnibbar systam tha walar lamparature was highly wvanabla. Tha loweast
tamparaturas (13.2, 14.0 and 136 ) ware maasurad in tha inlal samplas. In tha oulkst tha
tamparatura was aopoul 12 to 14 G highar. Tha highast lemparature was maasurad at poinl SCHE
[A6.9 C) diractly bahind the saawalar scrunbar. |t shghtly dacraasad al poinke SCH3 and SCHS 1o
355 C. Tha salinity insida tha channal was slightly highar than insida tha portes of Dovar and Calais.
Tha pH valuas in tha inlst wara B.32 in Dawvear, B28 in tha Channal and 7.81 in Calais. Thasza values
ara comparaola 1o tha valuss maasurad oulsida tha "Prida al Kantl”. Tha lowsast pH was maasurad al
paint SCH4. An axplanation might ba an ovadlow valva fram the tunnal reaching tha pipa shorly
batara tha sampling paint. Tha pH valuas al points SCHE, SCHS and SCGH3 wara naarly constant with
330, 334 and 3.35. Tha outtlowing walar showad a pH bailwean 6.33 and 6.66. | can ba saan thal
tha dilution with coaling walar increasad the pH and diractly in fronl af the outlel no decraasa in pH

was maasurad.

FiL:
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8 Hesults and Discussion ol anvirmnmanial samplings

B.5.2 Metals and Sulphate

Tha sulphata, earth and transiion meatal contants are shown in Table &1. | can ba ss2an thal
chramium, manganasa and malybdanum could only be dalarminad in tha satiling fank and in tha pipa
lading 1o tha saitling tank. Tha raasan far this might ba, as axplainad batara, tha lbw pH and tha
concantration of padiclas in tha cyclonas and tha saitling tank.

Coppar was maasurad atl all paints with tha axcaplion of poirt SCH1. An incraasa of tha coppar
contant dus o the saawalar scrubbar cannaol ba slatad for sura aspacially as during the sampling in
Saplamibar no coppar could ba dalarminad. During tha sampling in March high coppar concantrations
wana also dalactad insida tha satlling tank. With respactto tha inkat and oulial samplas, coppar is avan
dacraasing in Calais.

Tha iron confants wara again highes! insida tha saifling tank. Hara valuas up to 70 timeas highar than
thosa al the ramaining saawalar scrupbar poinls warg obsarvad. Intha oullal watar anly in Davar an
incraasad inon conmant was maasurad. Malvbbdanum, vanadium and nickal, also canlants of ship staal,
wana found aspacially in tha saawalar scrubbear systam. Tin concantrations vanad in tha systam bul
wara highar in tha outlet samplas in comparnson 1o the inlst samplas. Al point SCH4 no tin was found
ard insida the satlling tank no incraasad tin contanl was obsamvad. This again shows that tha
datarminad tin mast probably orginates from the sampling procadura. Patassium, lithium  and
magnasium had aqual contanis in all samplas. Thasa aarth melals are consarvalive dua o thair
raaciivity and thair concantration only dapands an saliniy.

Takle 61: Sulphate, sarh and franstion metals determined for the samples taken in Movemoser 2004

801 S0 OS5  S0H1  SCH2 S0H3 S0H4 SCHS SCHe SCHE S0 S0@ DS
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8 Hesults and Discussion ol anvirmnmanial samplings

853 Nutrients

Tha sasion and nuinant concantrations delarminad far the samples fakan in Movembar 2004 ara
shown in Table 62. In Calais the mean seslon corferis were aboul 100 mg L higher than thoss
apsarvad in Dovar. Tha highast concantrabions wara absarvad al points Cal 3 and Cal 4. Tha loweas!
warg datarminad far point Doy 3. Insida tha ssawatar scrupbar systam a significant incraasa was anby
maasurad at point SCHE. Comgparing tha inlatl and outlat it can ba saan thal the concantrabians in tha
inkel samplas arg comparable to thoss maasurad insida the hamours. In Dovar tha oulkal walar
containad mara suspandad matarial than tha inlat walar. In CGalais and in tha Channal d was tha

ravarsa casa. In Galais tha concantration was awan tha halt tha concantration of tha inlst sampla.

Table 82 Seafon and nuinent concenirations determined for the samples faken in Movember 2004

:‘:IE- Sesian  ADP noP TOF ML NOL, MH,* oM Si{OH),
[mgL’]  [umoll'] [pmall’] [pmall] [pmall’] umoll’] [wmall'] [mall'] umal L7
Cal 1484 .70 4. 5.59 0.2 1451 1072 26 05 b
Cal2 (FER 1247 225 10.73 A 44 B8 2740 7527 12414
Cal 181.1 1.3 (.66 1.87 2.2 26 71 1475 4375 a2
Cald 18449 .54 a7 A.35 0. 1441 9.4 2478 2081
(el 1016 L85 .81 65T .76 12 26 9.78 22 A 1816
C5 o3 015 1.52 1.67 1.5 1715 5027 & a2 2020
CE 1315 .51 A5 A.85 .55 1343 1055 24 95 1818
G50 1263 0.5 207 267 .87 1335 1068 24 40 ERE:
7 E17 .57 f.0A 5.6 072 11 &7 9,64 2203 1555
0 254 .64 foa .06 1.0 16 46 1.56 19.14 6.5
05 264 0.6 .17 .05 1.14 16 47 1.5 1916 7.14
O 703 .70 ar 4.49 1.10 16 410 1.62 ERE: 595
Oias( a0 0.7a £.24 .47 1.2 14 &7 1.2 1723 .47
oFai 25 .70 .04 5.7 1.16 14 66 2.3 ERE 2415
Dierecd M0 .79 F.a2 .01 1.20 13484 1.50 16 58 11 56
Dierecd 154 .64 452 .15 1.10 1234 1.25 14 &8 748
Diered A1 5 .64 4.2 467 1.147 14 26 212 17 55 25 AT
S0 26 A .62 - - 0.2 1174 Q.37 14 98 7.0
&02 BE 5 - 20 1947 2.75 2457 .14
SCHA ;3 0.a7 . . 1.3 1104 .56 1304 .06
SCH2 161 0.z - - 257 1183 2.0 16 .49 4.2
SCHA BT 7 1.3 . . 0.3 24 45 2.7 724 .54
SCH4 [ 1.2 - - .41 o6 76 .16 an a3 1034
BCHE 187 L . . 0.3 16 36 .54 1933 7.52
SCHE 187 .84 - - .2 18 24 .91 1947 7.74
SCHE 4074 .42 . . .70 1437 .02 2138 20 a2
01 140016 0.2 - - .74 1078 556 1704 1565
o2 77 026 - - 1.45 1318 7.49 0 56 15481

Looking at tha phosphaorus compaunds in the pords if can ba sean thal tha RDP concantration was
highast at paint Cal 2 (12.97 ) wharaas at tha ramaining paints tha concantrations variad balwsaan 015
(G5 and 1.21 pmal L {C3). M poit Cal 2 alo high silicale, nitrale nitrite and ammanium
concantrations wara obsarvad. As this poinl i siluatad al the sarvica quay in an anclosad pasition al
tha aastam and of the harbour this point 5 aasily aurophicalad. Insida tha haour of Galais tha
nitrata, silicata and ammonium concaniralions wara slighily incraassad in compansan (o tha samplas
takan in Dowar, wharaas in Dovar tha nibla concantrations wara incraasad. The reason tharatara
might ba tha archileciura of tha pors. Dovar has ana big "basin”™ gpean al two sidas and no frashwalar
inflow. During sach abb and flow tha watar i flowing through tha pod and anables a markad walar

78
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8 Hesults and Discussion ol anvirmnmanial samplings

awchanga. Addibonally a graat pad of the harbour cannot ba raachad from tha publbc areas. Tha
appasia halds tor Calai. Tha part has mamy anclosad arms and araas. Walar axchanga s anlby
passinla through tha ralativaly small gala in the wad of the porl. Addiionally tha city Calais was buill
araund tha hamour and tharatara the anthrapoganic influanca s graalar than in Dawvear.,

Insida tha saawalar scrubbar sysleam tha HDP concanmtrations wara anly highar at paints SCGH3 and
SCH4. Al tha ramaining paints the datarminad concantrations ware within tha ranga obsarvad insida
tha harour. Comparing tha inlal and autkat samplas an incraasa in nirale, nilnig and ammanium can
ba ss2an. In conlrast insida tha syslam aspacially tha MOy and NH,™ valuas ara low and avan lowar
than thosa dosarvad in tha outlal. Only the nitrale concanralions ara shghlly incraasad insida tha

saawalar scrubbar dusa ta tha MO, ramava fram the fluagas.

854 Polycyclic Aromatic Hydrocarbons

Tha PAH concantrations dalarminad lor tha samplss (akan in Novamibar ara shown in Tabla 69, Tabla
70 and Tabk 72. From tha PAH concantrations maasurad in tha samplas takan in Calais il can ba
saan that tha lowest tatal amount was detarminad for point Cal 2 (225 ng L) and the highast for
C 350 (625 ng L) In Daver the lowest concentration was maasured at paint D 0 (106 ng L) and the
highast at paint Dav 3 (569 ng L”'). The transect samples taken in Dowvar and Calais indicate a spacific
frand. In Dowvar tha samples fakan 50 m away from tha oullsl showad tha highes concantration and in
Calais thal ona 350 m away from tha oullel. Comparad o the previous samplings, tha highasi

cancantrations wara absarvad.

Taking a look at tha saawalar scrubbar samplas tha highast amount was again datarminad insida tha
saflling tank. Hara high concanmrations of phananthrang, fluoranthans, pyrana, chrysana and
banz|ganthracana wara maasurad. Also high concantrations ol high molscular waight PAHS wana
absarvad, wheraas hwo-ring compounds wara not annchad. As thesa compounds have a high
solubilty and do not adsarb o sudacas, thay ara not ramovad by tha cyclonas. Tha concantrations in
tha saawalar scrubbar ouflal ara within the samea ranga as obsarved during tha othar samgplings.

74
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Tha ragrassions of tha filtar waightz and tha ragrassion of all PAH cancantrations datarminad far tha
firsl and tha sacond axtraction of tha samplas are shown in Fig. 37. | can be saan thal both valuas ara

closa to ana and no aulhyars ara abvious.

ﬂ..mi
[+
0,03 -
P B
Em} E
| a
§ B, 2000 -
L, ¥ = 0,096 -
| A = 0966 ;
m,,,, 0Tttt
000 o 002 008 0 2000 4000 6000 8000
18t extraction 1% extraction

Fig. 37  Regresaion between e fratl and the second exiraction. Left: fller weighis, nght: FAH conceniraions.

Origin of PAH
To datlarming tha ralationships batwaan tha diffarant sampling paints and 1o dalarmina tha arigin af tha
PAHs a ragrassion analyses of the compounds (Tabke 63) and of tha sampling painls {Tabla 64) was

pararmad. Additionally a principle companant analysis was carried out (Table 66 and Fig. 39) and a
plat of tha somarnic ratias PhanfAnth and Flua/Pyr (Fig. 38) and BaA'Chry (Table 65) was drawn.

Looking at Tabke 63 il can bea sean thal naarly all compounds ara highlty corralalad. Only anthracana
and acanaphthana show modarale H? wvalues. To oblain a beller resaolubion and to prevan
mathamatical arrars a look at Tabls 64 s nacassary. Fram this il can ba slalad that all Calae samplas
with the axcaption af Cal 2 show the samsa ditribution of PAHs. Also the saswalar scrubbar samplas
(withau tha inlal samplas) ara highly corralatad with aach othar. Additionally tha points Dov 4 and 050
saam o show diffarant PAH paltarns in comparnsan to tha remaining samples takan in Dowvar. Mo
comalation was obsarvad balwsan tha samplas takan from thea saawaler scrubbar and thosa akan in
Calais, batwsan tha seawalar scrubbar samplas and thosa takan in Dovear, and also batweaan masl
samplas {akan in Dovar and Calais. In summarnry i can ba said, thal the PAH compaoasition insida tha
haroours was ditarant from that in the seawater scrubbar systam with ona aexcaphion: paint 05 which
was lakan diraclly in fronl ol tha saawalar scruobar oullal i highly cormalaled with tha saawalar
scrupnar samplas. A comparably high cormalation was not obsarvad in Calais or &l the ramaining

transact paints in Davar.

&0
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8 Hesults and Discussion ol anvirmnmanial samplings

Table &3 Fegreasion of PAH compounds. Colours are added for a befter visualisaion. Yellow - highly comelated,
orange and red - moderaie of low comelation, dark red - mo significant comelaion.

ctg 5 £ E 3 £ 5 £ x5 5 8B 8

S N UM VU SN TS MU - N & S -« W - MU = W - W—-—
ATHY 1 (0.865 0.926 (806 0.93 (.868 0.913 0.92 0.899 0.903 (928 0.813 0.82 .
ATHE 1 0.831
FLRE 1 0896 0.906 0.976 0.993 0.969 0.984 0.968 0.985 (.8952 0.961 (.908
PHEM 1 0.874 (957 0.956 0.974 0.989 0.955 (L9B9 0.962 0.956 0.894
ANTH 1 0.867 0.926 0.876 0.669 (.692 0.88 O.786 0.848 0.831
FLLIA 1 0.854 (B39 0.958 (967 0.949 0.954 (U981 (.958
PYR 1 0851 0.977 0.956 0976 0.947 0955 0.926
BaA 1 0.991 (L8B7 0989 0.837 0915 0842
CHRY 1 (888 (L9AS 0.97 (.955 0.883
BokF 1 0879 0946 0.945 08D
BaP 1 0934 0825 0.853
DahA 1 0973 0.929
BghiP 1 0.883
IMDE 1

Takble 64: Regression of sampling points. Colours are added for 2 betier visualizaion. Yellow - highly comelated,
orange and red - moderaie or low comelation, dark red - no significant comelation.
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Takble 65 |somenc raios of benz[a)anthwacens and chrysene

:‘;’]ir;f*- Call Cal? Cal3d Cal4 G0 ©5 C50 C3s0 C700
BafA/CHRY 09 oA 07 10 083 13 08 08 oA
samgpl.
: Dove Dov3 Dov4 DO D5 DSO Daso D7o0
_paint
Baf/CHRY 08 oA 0.8 0B 08 07 09 04
:‘;’:i:f*' SD1 S0P SCH1 SCHZ SC1 SC2 SCH? SCHY SCHS SCHE SCHe
Baf/CHRY 17 14 10 05 08B 06 05 05 05 06 05

a1
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Fig. 38:  Plot of isomenc phenanthrena/anthracens ratos againat fuoranthenapyrens ratios for all samples

Taking a look al tha BaALChry ratios (Table 65) it can ba sean that all valuaes, with axcephion of 501,
S02 and D5 amm <1 and theralora indicala a pyrabdic ariging In Fig. 38 whara tha
phananthrana’amhracana and fluaranthanafpyrana ratios ara ploftad, anly tha samplas {akan fram tha
saawalar scrubbar oullal and the saawaler scrubbar systam ilsall show patroganic charactar. Tha
ramaining sampkas, espacially thosa takan in Calais, ssam lo ariginale trom combushion procasses.
Az tha samplas wara lakan in fall whan tha haating saason slads, thasa PAHs ara mast probably
PAHs producad by burming wood, haating ail and gas.

Tha principal componani plol shows the similar separation of the samplas as tha ragrassion char
alraady did. Sampla Cal 2 is an ouflyar, showing anly low concanirations. Dov 2 is comalalad with
G700, GA50 and CO05 and thasae samplas ara also kbeatad in ana group in tha PCA plot. Additianalby
050, 501 and Call ara within this group. All thass samplas show nagalvea valuas far aiganvaciar 2
which & pasitiva far low malacular waight and nagaliva far high malacular waight PAHs. The samplas
shaw a similar distribution but as aiganvactor 2 i only rasponsiole for 20 % of the tolal varnanca it is
nat significant. Acconding o thair distribution akong agarmeaciar 2 the samplas can partially ba dividad
inta PAHs anginating from patroganic (nagativa) ar pyrabdic (pasiiva) pollubon sourcas. Tharaallar
050 has the most patrogenic and Cal 4 and C 700 tha most pyralylic charactar. This can aasily ba
axplainad by tha posiions of thesa paints. Cal 4 and G 700 ara the most sastarn painiz in tha par
Calais and ars sifualed at the antranca. Thasa paoinls ara thamalora influancad by Mardh Saa walar
raaching tha harbour. Thara the main pallubon sourca i the almasphara, which carries aspacialby
PAHs tram pyralylic procassas. Insida the por tha influanca of the shipping activitias i graalar and
this diract polivtian s of patrogeanic angin.
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Table 65 Feawure vecior for the PCA of the harbour samples

J9.6 %% 223 %
[14.0} [14.0}

acanaphttlana 013 .38
acanaphthana 0.13 042
fluarana -0.049 054
phananthrana 023 0.36
anthracana 028 0.35

fluaranthana 032 0.18
pyrana 032 a.11

banz|alanthracana 0.36 .14
chrysana 0.38 .14
banza|Hfluaranthana +

banza|k]llvaranthana 041 012
banza| spyrana 040 0.14
dibanz| g, hanthracana 014 008
banza|ghiparylana 0.0z D11
indana(7,2, 3 ¢ dpyrana 013 0.38

B3
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8.6 Annual circle
B.6.1 pH, salinity and temperature

In this chaplar the lampearaturg, salinity and pH valuas dalarminad dunng all samplings ara shawn.
Insida tha "Prda of Kant® nat at all paints samplas wara takan during avary sampling. In Feoruary tha
saawalar scrubbar was nol aclive and tharatara only samglas from tha inlat and outlst ware 13kan.
Curing tha sampling in July sampling paints 4, 7 and 8B wara closad and in Saplambar and Movamibar
tha =alfling tark was nol full anough 1o laks a sampla from paint 7. For samplas fakan insida tha
haour of Calais (Fig. 40, Fig. 41) valuas far all samplings ara availanla. It can ba saan thal tha
highas! lamparatures ware maasurad in lale summear during tha sampling in Saplambar. Hara tha
walar lamparatura was about 22 °C and thus about 15 G highar than duning tha sampling in Fabruary.
Tha salinity at paint Cal 4 was ralative stable and highar than at paimt Gal 1 o Cal 3. This paint s
situatad closs o tha harbour antranca and s tharatarg influancad by tha Marth Saa whara tha saliniy
5 ralativaly stabla. Tha farar insida the sampling point was locatad in the haour tha highar tha
varability was. Al point Gal 2 at tha aastarn and ol a long sidaarm tha salinity varad within a wida
ranga (183 to 34.0). As tha pH in brackish and trash waler is lowar than in sall watar, the pH was alzo
vary vanaols at this point {7.78 - 8.50).

Cal 2: Quai de sarvios
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Fig. 4d:  Salimity, temperature, and pH measured at points Cal 1 and Cal 2
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Fig. 41: Salinity, temperature, and pH measurad at points Cal 3 and Cal 4

Samplas fram tha transact points in Galais wara only 1akan in July, Saplamibar and Movambar. Tha
annual coursa is shown in Fig. 43 and Fig. 44, As thase painis wara siualad insida tha harour tha
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vanability in salinity and pH was lowear than in the samplas lakan clasar to tha shara. Tha lattar ara
charactansad by lowar watar dapths and reducad walar axchangea and tharatara by highar passinilities
far tha tarmation and langar duration of a stratifiad water body. Tha lamparature at tha transad painls
was also highast in Saplambar and dacraasad towards Movamibar, Only dunng tha sampling in July an
incraasa in pH from pairt G5 o G700 was obsavad. During that sampling also a salinily incraasa was
apsanad.

C&: 5 mirom outled G50 50 minom outled
W T an o ocan 107 e T

!_ r.rl-__:F'__—.—_..._i' :-E = !_ [ ! gﬁ'f
. {  am s 1z :g i: Ei o= LT 81 rﬁ! ]

3 - I — i T I -—
;‘ ¢|-"-‘ .1 I'-I_ !ﬂ l"= ;‘ i P L =E -, 1) l-':
47 me ., T8 "E T ma -, t1sE 8
E' ] E:;n iE' E' (]IT] :.;nllﬁ
nJ. i J.n - o+ & _I.n -

~i-piH =i=pH

éﬂ éﬁl _{ﬁ'# o Bal . qr ';e:'* ,F\ﬂ. " |
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Fig. 42: Salinity, temperature, and pH measured at points 05 and 050
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Fig. 43:  Salimity, temperature, and pH measured at points G350 and G750

Tha rasulis of tha pH, salinily and lamparatura maasuramants of Dowvar ara shown in Fig. 44 and Fig.
45, Tha rasulls of tha transact samplas ara shown in Fig. 46 and Fig. 47 In Dovear tha varigoility in pH
and salinty was lowar than in Calais. As mantionad batara, this is mainky dua lo tha diferancas in tha
archilactura of tha two pors. Calais i an ancksad harbour with thras saparaled armms and anly ona
amranca. Tha harour i siluatad paralial to the stream which anables a walar axchange mainly in thal
par af tha haour closa fo tha antranca. In tha ramaining part of tha haour, espadally at the and ol
tha thraa arms bbb and flow ara the anly lorcas allowing a walar axchangsa insida tha porl. Opposila 1o
Calais, the pord of Dovar is ralativaly opan. Thara are iwo anirancas, onain tha narth-weast and ana in
tha narh-aasl. Tha stream, which is flowing paraliel to tha hardoour, has the chanca o flow padially
thraugh tha hamour. Tharalara a high walar axchangs is possibla and tha influanca aof tha Marth Saa
5 graalar hara than in Calais. Tha lowast maasurad salinidy was 34 PSU. Tamparatura was highast in
Saplamibar and about 14 G highar than in Fabruary. Dunng all samplings tha lamparaturas in Bovar
wara aoout 1 G highear than in Calais. Tha valuas dalarminad at the ransadl sampling painks ara

within tha samsa rangsa as tha samplas takan al tha ramaining paints.
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Table 67 Differences befween te inlet and outlet samples taken from the seawater scnubber ayatem in Calais,
Diower and the Channel. Lefi: pH diference. Right: temperature difference

pH March July  Sepl M. Tamp [C] March  July  Sepl M.
Davar 043 i51 1749 185 Cavvar 4.1 248 138 14.2
Channal  1.16 i45 158 162 Channal 18 28 4.1 i22
Calais 066 i34 173 148 Calais 4.3 2.7 1649 1.9

Tha annual coursa af tha salinity, pH and tamparatura of tha inlat and outlal samplas i shawn in Fig.
48 (Dovvar), Fig. 49 (Calas) and Fig. 50 (Channal). Tha pH, tha lamparalura and tha salinity of tha inlal
samplas lakan in Dovar and Calais ara within tha samea ranga as tha samplas takan in tha pords. Onky
tha zample takan in Calai in Saplambar shows a ralatvaly low pH, but this s comparabla o tha
sampla lakan al paint Cal 2 (Tabls 49). A= the samplas from paint 5C1 wara nof takan at the sama
tima and nol diractly al the piar but during amanng tha harmour, small vanabons ara possinla
Tharatara i can bea said, that the valuas ara comparaolke and an influanca al tha autlat water anla tha
inkal watar can ba mainly excludad. Looking at the oullal samplas, also an annual influanca anta tha
tamparatura is obvious. Tha tamparatura of tha aullat & strongly dapandant of tha inlal lamparalura.
but as the dilaranca batwaan tha inlet and ouflal lemparaturas was graalar in Ssplambar and
Maovambar than during the samplings in Faoruary, March and July {Tabla 67) the main influanca is by

tha saawalar scrubbar.

Tha loweast pH in tha autlst was maasurad in Saplamibar a& wall. Tha raasan tharatora might also ba
difarancas in tha afficiency of tha Bcosilancer. Anothar reaszon could ba the ralatvaly high
tamparatura of tha alfluant, batausa tha pH & alko lamparature dapandant. To dalarming this
dapandancy a small tas! was padormad. 500 mL saawalar [(Jade Bay, Table 1) wara haated and
coakad down again and thea pH was maasurad continuoushi. It ¢an ba saan thal tha highar tha

tamparatura was, tha lowsar tha pH was. Tha diftarant ascant batweaan haating and coaling = a
physical aftact called hystarasis. | calcium camonalte i dissolvad in watar the following raaction

QCEUrs!
CaCly + HyO + 0Dy =" Ca(HCD ),

An incraasa in tha tamparatura shifts tha aquilibrium lowards tha laft sida. Tharatora mare 02 5

introducad and carbonic acid & buill according 1a:
COu+ HD = H,00y = H + HCODy, = EI—I’+E.‘EI:|2'

This reducas tha pH. Whan the walar i coolkad down again tha GO, solubilly incraasas and carbanic
acid concantration s reducad, rasulting in a pH incraasa. As duning the haating procass tha Gy has

to lave tha walar this stap lakas mara lima in comparnsan (o tha incraasa in solubility.
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Tha comparnsan of all samplas lakan al the paints 5CH3, SCHS and SCHE ara shawn in Fig. 52 and
Fig. 53. Tha salinity in thasa samplas was always ralativaly high in comparisan o the samplas lakan
insida tha harours and was highast in Seplamibar. In Saplamibar also the highast lamparatura was
maasurad. Tha knwast pH was dalarminad in the samplas lakean dunng the sacond sampling. As tha
systam was nal waorking complalaly in March tha raasan could ba a slower ftiow spasd ol tha walar
thraugh the Ecasilencar and tharatara a highar saturation with sulphuric and nitric acid.

BOHE: Channed outhet LS. flter BOHS: Channel inket US-filter
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Fig. 52: Salinity, temperature, and pH measurad at points S0H3 and SCHS

SCHE: Channed outlst Eoos ilen osr

L I o s

i = an Lt Tel mE =¥

] ‘: P CLL AN ‘ Emi-

3 - ¥ B

= & P 5 ¥ = 5 i 308 -

& ,1 mo E o -';'E
s e e e ] I i

2 - zm 0 3,13 im i 10 E'

o+ } <8 -
==pH
T R BN B ve

'*I hl #I "“I 0 T-TF

sampling dats

Fig. 53: Salinity, temperature, and pH measurad at point SCHE

A plot of all pH values obsarvad during all sampling is shown in Fig. 54 and Fig. 55, Tha arrar bars
show tha maximum allowead pH changa causad by alfluants oulsida tha infial mixing zana (US-EPA
1886} Inbath graphs # can ba saan thal tha natural pH ranga is graatar than tha pH changa within tha
sample suila fakan at tha transact points. Tha sama ¢an ba saan in Fig. 56, Dunng no samgpling a pH

dacraasa from tha first transact point towards tha harbour anfranca was obsarvad.

Fram Fig. 58 whara all tha maasurad tamparaturas of all sampling paints (withoul saawatar scnibbar
systam) ara shown, it can ba saan that tha highast tamparature difarancas wara obsarvad insida tha
pars in March. Tha tampearalures meaasurad al the transact painis in July wara parially highar than
thosa maasurad at the remaining points insida the hamaur. In daltail this i shown in Fig. 57. l can ba
saan thal during the sampling in July and Saplambar tha tamparaturas wara highar at tha firsl transacl
paint in comparison fa tha ramaining points. Dunng tha sampling in Saplamibar tha difaranca batwaan
tha inkat and tha oullst tamparature was also wvary high (Table &67). In July the ditaranca was owvar
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10 C lowar and the samsa alfact was absarved wharaas in Movambar high tamparatura dilerancas did
nat incraasa tha values al paints C5 and D5, Dua 1o the buayangy of the warmear affluant it will initialhy
hawva an altact an tha uppar walar column. In summear tha dansity stratiication i mora stabk than in
winlar ar fall. Tharafara tha irfluancad walar voluma s smallar in summear than in winlar and tha
tamparatura can bea influancad mara aasily. As this lamparature incraasa mads up aonly 1 G and was

anly maasurad closa la tha ship, no nagaltive allacts ara 1o ba axpaciad.

B5 i
B25 ¢.¥
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Fig. 54: pH and salinity in the harbour of Dover. Trangles represent the natural vanakbility duning all samplings
im 2004, Diamonds represent the values of the wansect samples.
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Fig. 55: pH and =alinity in e harour of Calaia. Trangles represent the najural vanability dunng all samplings
im 2004, Diamonds represent the transec! values.
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9 Hasulis and discussion of tha toxiciy and accumulation lasts

B.6.2 Nitrate and sulphate

Mitrata

In Fig. 59 tha nitrala concantrations dalarminad in the pors and tar tha inlet and oullsl samplas ara
shown. Il can ba sean that in summar tha concantrations wara lawar than in wintar and fall. Bacausa
nitragan i an assantial compound far maring primary producton # i daplated in summear whan tha
phytaplankion produchian i high and nitrogan availability & a limiing fackor. In winlar whan tha
plankion production & ganaraly close 1o zamm the nirogan B reaminaralisad and s concanration
incraasas. Addiionally in Fig. 59 tha nirala concantrations of tha inkat and tha autlal walar ara shawn.
It can ba ssan that in Calas tha outlat concantration was within tha natural ranga wharaas in Davar il
was slightly highar. Tha transzact painls did nol show a nirale concantration incraasa during any
sampling and wara all within tha natural ranga.

= a0 - L —

TO - oo F TS , e
gnu- b s om  Haod Eg
§ 50 - . § 50 + omm
gll]- @ s o Eao? -
Eﬂl]- a A _:g Eﬂﬂ-

20 - . 20 - ‘.
& 10 - \ 1/-’l HRTE e ot
E ! ) ) —-' g o L R '

Feb. Mar. Jul Sep.  Mow Feb. Mar. Jul Sep.  Nov.
sam pling date sampling dae

Fg.59:  hitrale concentrationa [pmal I''] obaerved during all sampiings. Laft: Port of Calais. Right: Port of Dover

Tha sulphate concantrations dalarminad in tha inlet and oullat of the saawalar scrubbear samplas ara
shawen in Table 68, Calkculating the sulphata incraasa balwsaan tha inkat and tha oullat d can ba saan
thal tha grealast ditaranca was absarvad dunng the sampling in Movamibar in Dovar. This incraasa o
165 pm corrasponds o a concantration changa of 6.1 %, This valua lies within the accuracy af tha

maasuramant and within tha natural variability.

Takble 68%: Companson of sulphate inlet and cullet concenirations [ppm)

Fakb. Mar. Sap. M.
501 nd. 2349 nd. 283949
502 nd. 2962 2710 28B4
SCH1  2B42 2890 2530 2885
SCH2 2874 3052 2600 2805
L1 | nd. 2920 nd. 2587
SG2 nd. 2938 2870 2644

a2
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9 Hasulis and discussion of tha toxiciy and accumulation lasts

B.6.3 Polycyclic aromatic hydrocarbons

Within this chaplar tha PAH concantrations dalamminad during all samplings will be discussad. Tabla
69 shows the iotal PAH amounis, Table 70 the pariculate and dissolvad fractions of the harbour
samplas and Table T2 the bound and unbound PAHs aof tha saawalar scrubbar samplas. Loaking al
tha total amounts which ara calculatad a= tha sum of tha 16 EPA PAHs without naphthalana, il can ba
saan that tha lowast concantrations wara maasurad in July and tha highast in Movambar. This is an
altact of fossil tual and wood buming in tha cilies around the pors. Parallal fo this saasonal atlact
thara ara also graat difarances batwean tha two hamours and within hadoours thamsahas, As an
altact of tha haour structure as axplainad above in Dovar ganarally kowar concantrations than in
Calais wara obsarvad. Walar from oulsida the haroour, which s normally less confaminaled and lass
subjaclad to anthropoganic influanca, can aeasiar reach tha por of Dovar than tha part of Calais.

Basidas physical procassas such as walar axchange rales chamical and biological procassas contral
tha PAH contants in natural walesrs. Phyloplankion and sasion adso PAHs and thus bacoma
passivaly anrichad. Additionally, arganisms can taka up the PAHs and ¢hangs thar struclura ar
dastroy spacitic structuras leading to an annichmant of soma struchuras wharsas othars ara daplatad.
Addiionally arganisms that have fakan up PAHs ara ramoaving tha PAHs from tha walar allar daath

whan thay ara sadimanting ar whan thay ara consumead by halamotrophic arganisms.

With respaci to the outlet samples, the corterts are always around 3000 ng L' and the lowest PAH
conlanis weara in almost all cases maasurad in the Channal. The raasan tor this might ba thal tha
claaning alhiciancy of tha SWS i highar whan the machinas ara running al full spead. Within tha
saawalar scrubbar syslam tha highast concantrations wara alvays maasurad insida the saltling tank
ard at paint SCH4. This shows that the orclonas allactivaly ramaova parliclas and hanca paricls -
bound PAHs fram tha watar. In contrary tha WS filtar did nal wark in all casss, During tha sampling in
July and Saplamibar tha PAH caoncantration incraasad bahind tha US filkar.

Table 60 Sum of all 16 EPA-PAHs (paniculate and dissclved, excluding naphthalens) concenirations in ng I for
all samplings (nd. = not delenmined).

Call Cal® Cald Gald &1 CH CHO IS0 CPOD Covd Davd Cowd O 08 CH0 Cosn oeon Do Oowr Chemel Chinml Gk Gl
n

n n
NMOZANAHE B &Y £0 nd nd nd nd nd nd nd nd nd ndnd nd nd nd ni B LI nid ni
HMOLANA K1 M4 WL HE nd nd nd nd nd nd nd nd nd nd nd nd nd 471 = WEe M F-- ] =1
14.07.9004 = ] = & nd B & o9 - I || M nd & &I 2@ = k-] HE W 2458 1] n|
WALan4 117 248 AT 134 131098\ M. -] 190 11 s nd 1291568 M M 113 HMn | jof.x] 115 "/
I611.904 516 X5 7 J418 HIY B2 01 ERB5 £ S8 5683 413 106 Zf4 JM5 &0 198 {2 o ] 445 el

ECHY ECH4 EXCHS ECHE SCHT ECHE
11T D234 nd ni ni nd ni ni
ANALANL1ZHE 197187 15151 15019 1758 24714
1407304 X4 nd 1641 198 nd nid
MOLENS 1668 ZISE 147 15501 nd nd
16.11.304 1138 19488 12485 10TH nd 21211

Table T0: PAH conceniraions im ng L. Listed are e congeniraions of e sngle PAH compounds in all

samples. Joncenfralons are given a3 dissolvediparticulate PAH. Dashes inmdficale concentraions
bl 1he limit of detecion. (nud. = nod detenmined)
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The PAH compasition is dominated in all samples by flugrene, phenanthrens and pyrena. Only in a
few samples acanaphthana, fluoranthena, chrysena and benz{alanthracens could not be datected.

High maolacular

waight PAHs

such as

indanof1,2,3,c.dpyrana, benzo|ghlparylens  and

dibanz| ahanthracena were below the detection level Benzoldpyrene and the sum of

banzablfluaranthana and barza|kfluorarmhana ware mainly found in low conlenls.

As the high molecular waight PAHs are ganerally mare harmiul than the low malecular weight PAHs
and as the lormer are mare easily degraded by microorganisms it can be stated that the ports of
Daver and Calais are nol seriously polluted. Accarding to the Ward Haalth Organisation the maximum
permissible concariration af PAHs in drinking waler is 200 ngL” calculated as the sum of BbF, BghiP,
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9 Hasulis and discussion of tha toxiciy and accumulation lasts

BkF, BaP, Flua, Ind in ¢arbon waight Tha sums of thasa compounds ara shown in Table 71. lcanba
saan that in no haour sampla tha concantration was highar than tha maximum parmissiola confant
Oinly the PAH concanfrations dalarminad diractly in the oullat show highar valuas, bul alraady diracthy
in frant of the outlel no increase was obsarvad and valuas wara still balow the threshald of 200 ng L.

Table ¥1: Sum of BoF, BghiF, BKF, BaP, Aua, and inde calculated a3 carbon weight (nod. - not detenmined)

Mg 1] Fab. Mar. Jul. Sep.  Nov.
Cal 1 35 50 25 27 114
Cal2 43 49 10 85 14
Cal3 27 187 10 28  B1
Cal 4 95 &8 & 20 108
Dov?2 nd. nd. B 28 80
Dot 3 nd. n. nd. 11 127
Dav4 nd. nd. 12 4 ag
Ch nd. nd. nd. 22 124
C5 nd. nd. 17 32 151
C50 nd. nd. 7 9 130
C3s0 nd. nd. 7 25 180
G700 nd. nd. 3 19 a1
A n.d. nd. nd. nd. 43
05 nd. nd. Q@ 22 57
D50 nd. nd. 1 34 75
0350 nd. nd. 14 3 23
0700 nd. nd. 4 3 16
5D1 nd. B85 4 18 83
502 nd. 443 339 547 418
SCH1I 29 33 3 5 Ba
SCH? 433 507 270 5027 289
5C1 0 44 5 11 B0
5C2 ] 367 377 596 492

Tha PAH compasiion aslablishad in tha oullal samplas was also tound in the saawalar scrubbar
samples. Phananthransg, fluoranthana and pyrana had tha highast comtants in all samplas. Chrysana
and banz|aanthracens wera found with conlents =2000 ngL". The high malecular weight PAHs
banza|ghlpardena, indano(1,23,cdpyrang and dibanz]a,Hantbracana wara almast complataly
bound to particles and tharalara tound in highast conlents in tha saltling tank. Tha low malacular
waighlt PAHs ware found almost with aqual conlanls inside the saawalar scrubbar during all
samplings. Tha vananca of tha high malacular waight PAH concantrations was howawar highar, Tha
ragson far this might ba the padick bad o the walar anlanng tha saawater scrubbar. This was
highast in July whan also the PAH concantrations wara highsst.

Table 72: PAH concenwations in mg L' determined for the seawaler soubber samples. Lisied are the
concentratons  of e angle PAH compounds i oall samples.  Contents are  given a3
dizsolvediparticulate PAH. Dashes indicate concentraions below the imit of detection. (nd. = not
dletenmined)

a5

This dooumsent and more, & awailable for download athartin's Maring Enginsaring Page - v dieseldu ok net



9 Results and discussion of the taxicity and accumulation tests
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In Table 73 the mean PAH conteni differences belween the inlet and the outlel their slandard
deviations, their minima and their maxima are shown. The greatest diferances ware dbserved for
phenarthrana, pyrans, chrysane and bernz[slanthracens. Almast no changes were obsarved for
acanaphthylans and the six ring compounds

Table 73: Differences [ng L'] between inlet and cutlet samples taken in Mardch, July, Seplember and November
'I'lﬂ;nner, iz and e Channel. Shown are the mean, 1he standard deviation and fhe mindimum and
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9 Hasulis and discussion of tha toxiciy and accumulation lasts

ATHE 24 14 a 41
FLRE 124 24 a7 175
PHEM 1128 218 805 1278
AMTH 28 13 11 ar
FLLUA 170 57 1101 210
PY¥H 3492 4 203 452
Bah 253 180 17 113
CHRY 361 120 108 476

BokF a5 a3 12 a6
BaF 126 43 a2 198
DahA 18 15 a a8
BghiP 41 10 28 416
IMCE i7 k] iz 24

Onginat PAHS

Tao datarmina the arigin of tha PAH:s and o compara all samplas again a phot of the isomearic ratios o
phananthrana’anhracana and fluoranthanapyrana i usad. It can ba ssan that all oullal samplas
claarly showa patraganic characiar, wharaas the ramaining samplas cannol clearly ba assignad o ana
spacitic  sourca. Only thea samples Bkan in Movembar ara  all charactanzad by  low
phananthrana’anthracana ratios and only twa samplas show comparabla ratias o tha oullal samplas:
Cav 4 (July) and [ 350 (Ssplamibar). As the samplas takan rom paints G5 and 05 dirgctly in front af
the saawalar scrubbar outlal do mot show such a patlam it & most probabls that Dov 4 and D350
wara nal influancad by the saawaler scrubbar and that thesa ratios, avan though they ara similar, dao
nat ralata o a PAH input fram the "Prida of Kant®.

80 -
Petrogenic
= 50 oullel samphes
g 40 -
= | 110204
£ 30 2240104
]
| A1407.04
20 - y = 809,04
i N 5161104
10 . T . <
' far "l Fyrolyiic
i} +— a B s '? —rrr—rr—
0.0 0.5 10 1.5 210 25

Muoranihens | pyrens

Fig. 60: |somenc raios of PhelAnth va. Au/Pyr for all sampling dates.

Far a turthar classification of the haour samples a prncpal componant analysis was padarmed
including all samplas 1akan insida tha parls of Dowvar and Calais and from tha inlal of the saswalar
scruppar. Tha rasulls ara shown in Table 74 and Fig. 61. Balh aiganvactars togathar maks up 72.4 %
al tha total varanca within tha samples. Far sigarmeactar 1 tha valuas ara all within tha sama ardar al
magnituda and tharalara tha samplas ara saparated according 1o thair distribution alang tha x-axis.
Tha Mowambar and the March samplas all have posilive x-valua whils tha Seplamibar and July

a7
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9 Hasulis and discussion of tha toxiciy and accumulation lasts

samplas ara all lacated an tha lalt pard of tha diagram. Thasa samplas also show only a low vanaoility
in aiganvactar 2. Thay ara all sduatad in a ranga of £ 1, wharaas tha March samplas show nagativa
ard tha Movambar samples positive y-valuas. From Table 74 il can ba saan thal agamvaciar 2 s
pasitive aspacialy tar chrysane, banzganthracene and  benzalbjflvoranthana plus
banzalklfivaranthana whike it i nagative for fluorang, phananthrana, dibanz|sb)anthracana,
banza|giv]panylana and indana(1,2,3,¢,dpyrana. Tha lawar tha y-valua far tha spacilic sampla is tha
mara tha samples confains of tha laltar compounds and tha highar tha y-valua tha mara the mara thay
carain af tha first group of compounds. Tharatara the samplas (akan in Movambar canfainad mara
chryzana and banz| santbracans wharaas tha samplas (akan in March corainad mara phananthrana
and mara high malacular waighl compounds. As in March tha haating panod was still gaing an tha
walar was annchad in high malacular wwaight PAHs wharaas in Movambsar tha haating panod just

starlad and tharatara tha pyrabdic influanca was notl as strong.
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Fig. 61  Fesults of the PCA of all harbour samples taken im Febnuary (F), March (M), July [1), Movemiber (M)
and Seplember (5]

Table ¥4 Feawre vector for the POA of all harpour samples taken in Febouary, March, July, Novemiper and
Saptemper

4% 20.0%

[14.0) [(14.0})
acanaphttlana 028 014
acanaphthana 020 0.18

a8
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9 Hasulis and discussion of tha toxiciy and accumulation lasts

fluarana 027 026
phananthrana 021 .38
anthracana 0.30 003
fluaranhana 032 005
pyrans 031 002
banzja]anthracana 027 0.36
chrysana 029 032
banza|Atluaranhana +

banza|k]fiuvaranhana 031 028
banzalapyrana 033 0086
dibanz|a flanthracana 015 .38
banzolghlparviana 023 .36
indeno(1,2,3.c dpyrans 021 -0.38

a9
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9 Hasulis and discussion of tha toxiciy and accumulation lasts

B.64 Planklon samples

In March all samplas with tha axcaption of point Cal 3 (Calais: Quai de la Loira) wara dominatad by
digtoms. Mast of tham wara single calls, bul colonies wara also obsarvad. Tha sampla from pain
Cal 3 was dominalad cantnc dialams | Coscmodiscus sp.). Dunng thasa samgpling the samplas wara
anly analysad qualtatvaly. During tha sampling in July, Saptamibar and Movambar plankion calls wara
countad quantiativaly and concantrations ware akeulalad as calls par mL. Tha rasults ara shown in

Tapla Th.

Table 75 Resulta of plankton cell counting. Concentraionsa ans given im cella permlL.

July  Jduly  Jduly July Sepl. Sepl. Sept. Sept. Mow.  Mow.  hMow.  Mow
05  C7ob DS Dol CS5  CFod DS D70 OS5  CFod DS D7od

mﬁ'““”“mmmmmmm 000 4050 4370 4550

conceniraied oy
wiolume [mL]
Examined s
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Examned
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9 Hasulis and discussion of tha toxiciy and accumulation lasts

Tha highast call conlams wara dalarminad for sample C 700 akan in Saplambar, bul alza far tha
samplas (akan al points C 5 and C 700 in Movambar. Tha samplas takan in Calaie conlainad mara
calls than thasa takanin Dowvar. This may ba tha rasull of tha highar nutriant concantrations maasurad
insida tha part of Galais. Bacause of ils anchsad architectura, this harbour bacomas marg aasily
autraphicatad and tharafaora mara plankton can potantially grow. In all samplas digloms wana
dominating. Tha spacies dbsarvad the most oltan was Ailzschia spec. Jooplankian ke copspods
wara anly dalaciad raraly.

Az no plankion data from the past are availabka for tha parts il cannal ba said whathar tha obsarvad
plankiaon cantanis wara highar ar kowear than in tha past Evan whan tha concantrations wara diftaran
fram thosa in tha yaars bafara a diract influanca of tha saawatar scrubbar cannol ba assumad g proe
as tha variability can also ba dus 1o natural reasons lka waathar, nulriant availanility and pradation.
Tha patantial alfact of thae SWES can, hawawar, ba thaoratically astimalad. Tha samplas takan in July,
Saplamibar and Novambar conlainad morg dissolved inarganic nitragan {CIM) in the autlatl walar than
tha inlat watar (Table 76). Tha graatast difarance was obsarvad far tha sampla lakan in Davar in
Movamibar. Maring arganic matarial of phyloplankion arigin has a spacilic ratio of differant alemanis.
This iz larmad tha Hadliald ratio and dascribas tha (G, M, P, O, Hj-compasiion a5 C,aHe D, oM. aP,-
It can ba assumead that C, H, O and P ara nol production limiling as C, M, 0 and H are uniquitous and
P was found in all samplas in sufficiantly high concantrations. Thus, tha phytoplankion growth ankby
dapands on the concantrations of inorganic M-compounds.

Mavarthalas, tha calculations prasantad in tha falkawing must ramain highly spaculativa a5 a.9. no dala
an avarall water axchangs ralas ara availabla. In addition, tha valumea of tha walar bady inlo which tha
coaling walar disparsas duning ana stay in tha pord s not known. Similarly tha shod-tarm vanability of

nutriants ovear tha investigation pariod s unknown as i tha variability in hight.

Ona mala of a Hadhiald malacule waighs 3550 g and contains 224 g N. Ona mala M waighs 14 g.
Taking tha highast DM differanca fram Table 76 and assuming thatl all O'IN addad fram tha S5WS is
comverad to biomass, than 9.59 umal L would produce 2.13 mg biomass L. Due to tha large in-pard
and saasonal vanations it is ditficull 1o ralata this valua 1o actual ambiant DIN values. Taking 10 pmal
L" as low and 60 pumal L' as high ambiernt concentrations then fram these 2.2 and 13.3
mg biamass L, respactively, could be producad.

This calculation doas, haowsvar, nal taka into account duration of inpul ar mixing procassas. During
ana hour the saawalar scrubbancoaling sysleam producas 70 1 of outlal walar, Marmally tha Prida al
Kant® stays 45 minules insida tha harbour and tharatora gppraamataly 525 m? ar 525000 L atfluan
pass tha coaling systam. Tha addiianal DIMN fram tha SWS/cooling systam would thus produce 1.12
kg planklonic biomass during aach wvisd. With five vists of tha *Prids of Kant” par day this wauld a tatal
ol 558 kg additional biomass/d.

Assuming that the valumea atlactad by tha dischargs of 525 m? SWSoaling walar s 6,000 m? {araa
20" 50 m araa o adaplth of & mj, than this ralates o a volums dilubian of 114, Al the sama tima, in tha
6000 m" 5.04 kg blomass could be producad from ambient 10 pmal DIN L. A dilution of the 1.12 kg
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biomass producad fram tha axcass DIN addad (2a8 abova) by a taclar 114 givas 977 10? kg. Thus
awan al tha lowast amibiant DIM concaniralions an allact of tha 5WS nitragan inpul is nagliginla.

Tha port of Dovar has a folal watar valumsa of 2.538 km,

Takle Ta: DIN diferences between inlet and cutet samples 1aken in Dowver, Calais and the Chanmsl.

pmal LY Juil Sap. Mow.
s T 5,a2 5,40 9,59
Charmal 1.50 003 Ad5
Calais 3,7 0,91 5,48

8.7 Results of mussel analysis

Curing tha last sampling (Movambar) mussals wara 13kan from tha quay wall at paint C0. Thasa
miussals wara analysad far 1o thair PAH contaminabon to hava tha possibility o compara tha rasults o
tha accumulation fest. Also thara i mong larature availabla thal daals with PAH in mussals than with
saawalar canfants. The rasults ol tha anahlysas ara prasaniad in Tabk 77 and ara arangad accanding
fo mussal siza. |t can ba ssan thalt the highest tolal concantration {all 16 EPA PAHs withoul
naphthalana) was dalarminad in tha largast sire class (40-50 mm) In this class the dominating
compounds wara phananthrana, acanaphthylana, fluoranbana and pyrana. Within the madium siza
class (30-40 mm) tha major compounds wana fluaranthana, chrysana and banz|ganthracana. In tha
smallest size class (20-30 mm) the same ordar was obsarvad. Dibanz|ahlanthracane and
indana(1,2,3, ¢,dpyrana wara nol dalaclad. Tha diffarancas in tha PAH concantrations might havea two
ragsans. Tha largar tha mussals ara, tha aldar thay ara. Thasa mussals hava livad far a kangar tima in
conaminaled water and tharafora had a longar ima 1o accumulale confaminants. Anothar raason
might ba the malabolic rates of the mussals. As these arganisms wara takan from tha liftoral (zona
influancad fram hdas) thay ara nol as large as mussals fakan from tha sublittaral. Tha mussals in tha
siza class 40-50 mm ara tharalore ralativaly ald and tha aldar and tha biggar thay ara, tha mara
anangy is naadad far malabolic procassas and tha less anargy can ba usad lar gamatsa production. As
this production is the majr indirgct procass for the mussal 1o raduca Ipid-saluple pollutants tha

pallutants bacaomsa anrichad in tha aldar mussals.

Table 77 PAH concentraions [ng g '] measured in mussels taken from the quay walls a1 sampling point $0 and
Bio Concendration Factors (BCF).

sira class |mmy| 20-30 3040 40-50 20-30 30-40  40-50
maan siza [mm) 257 34.8 43.1 BCGF BCGF BCGF
ATHY - 10 23 - 14 31.4
ATHE 5 B 43 04 0s 34
FLRE i1 28 154 ns 20 10.9
PHEM 50 5B 343 20 24 14.0
ANTH 4 B 65 03 s 50
FLUA B3 Ba 178 B4 Q9.0 17.9
PYH 58 65 173 11.7 131 34.8
BaA &0 70 1140 59 8.1 127
CGHRY T B4 121 FA | B0 11.5
_BukF 23 25 33 : : :
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BaP 14 15 35 - - -
Daha . . . - - -
BghiP 4 3 14 - - -
IMDE . . 3 - - -
sum 389 482 1505 37 4.4 14.3

This incraasa can alko ba ssan in tha Bio Concamration Factars (BCFs, Tabls 77 BCFs arma
calculatad as tha quotient of the concanfration absarvad in tha mussal and the concantration
maasurad in tha walar. It tha BLCFE is 1 thara i no bicaccumulation of tha obsarvad pallutant. i tha
BCF i smalkar than ana, tha organism usas ragulakory procassas o raduca its pallutant concantration.
Highar concantrations raflact thalt no such procassas are availabla or thal thasa procassas wok
inathicianthy anly. Mussals ara arganiems that have vary law possbilibas 1o raduca thair paliutant
corlanis. That is why thay are olten usad in monitoring studies. In Tabla 77 i can ba sean thal tha
mugsals of tha siza classes 20-30 mm and 3040 mm show similar BCFs wharaas the BCFs in tha
biggar mussals ara highar. This supparts tha axplanations givan balara.

In tha |daratura sevaral biomanilonng studies amploying mussals are availabla. In South Shatland
mussals Wabstar al al (1987) dalarminad phananthrana concantrations comparable to thosa
maasurad in Galais but Flua, Pyr, BaA and Chry concantrations ana ordar aof magnitudsa lowar. In tha
southemn Baltic mussals containad tatal PAH amaounts (£ EPA) batween 8.6 and 29.2 ng g (Potrykus
at al 2003} As thesa samplas wama lakan at silas away from anthropogeanic influanca the mussals
havae kwear confamination kevals wharaas Stalla ai al. (2002} dalarminad PAH concaniratio ns in lalian
miugsals comparabls lo thosa absarvad in the size classas 20-30 mm and 30- 40 mm.
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8.8 Results of sediment analysis

Sadimant sampkas wara lakan dunng tha samplings in July, Saplambar and Movamibar. Duning all
samplings allampls ware mada o ablain samples from paints G5, b, CF00 and 0700, Dua o
curmans and dua to tha stala of tha baltom sudace this was nol always possibla with tha wan Vean
gran. Tharatara samplas wara abtainad 3l tha paints shown in Tabla T8 Tha sadiman! samplas wara
takan to clarify whathar the composition of tha PAHs maasurad in tha walar samplas al pair G5 ar D&
i dantical with the PAH compasiion of the sadimant It s0 an incraasa in thea PAH walar
concantration might ba tha rasull of resuspandad sadimani, bacausa sadimants ara ganarally highar
paliutad than walar samples. Anathar raason far faking the sadimant samplas was to chack whathar
the composition of tha sadimant takan al points ©5 and 05 & the samsa as obsarvad al paint P00 and
0700, This could giva informalion aboul the influanca of tha shipping activitias on tha sadimani, iLa s
tha impact & highar at tha posihions whara tha ships ara bardhing ar & the conlaminalad walar
spraading ovar tha whala harbour bafora tha palluiad padicles sailtls down. In tha laltar casa tha
corant and tha compasiion should ba similar al both points. If this is tha casa il can ba axpaciad thal
tha affiuamt walar of tha saawalar scrubbsar gats highly diluled and tha influancs onfo tha harour

waulkd ba smallar.

Table T8 PAH concentraions determined for sediment samples takenin July, Seplemiber and howvemiper

data Jull. Jul. Mo, Jul. Seapn. M. Jul. Sapn. Mo, Sapn.
paini Cal1i G5 G5 CAn CTo ST D5 o5 5 0700
ATHY - - - - - - - - - -
ATHE 15 3 9493 2 - ii 15 3 0 2
FLRE 21 7 Tal 3 T i1 18 L i1 g
PHEM 173 a1 B0y 20 20 a0 102 34 a1 38
ANTH 45 18 1177 6 2 15 as ! 20 7
FLUA 564 248 9783 48 16 104 182 114 209 188
PYR a7H 170 6848 30 i2 70 135 By 166 148
Ban 171 B0 h4BT 25 L 58 107 54 104 73
CHRY 78 26 2562 11 4 22 as 23 40 30
BokF 138 28 2676 26 g 52 a2 28 63 arF
BaP 180 42 4520 34 g 72 147 33 a4 52
DahA 41 & 7oz 5 2 10 17 7 15 10
BghiP 123 20 244 22 g 50 g4 27 62 38
IMDE 169 24 2272 249 4 55 a6 29 a4 35
Sum 2088 754 48737 253 a7 588 1071 453 925 857

Fram Tabka 78 it can bea saan thal tha sadimant PAH cortans maasurad al paint C5 in Movambar
wara significantly highar than those maasurad al tha ramaining paints. A r@ason for this cannot ba
gwan. Parhaps tha sample was cantaminalad with tar ar ail. Taking a ook at tha ramaining statians il
can ba saean that al point Cal 1 highar concantrations wara found than at tha ramaining points. This
sample was takan from the harbour wall 3t a point wwhara thara is no barthing activity and whara tha
currarts ara vary shw. This allows fing partidas o sallke down. As fing particles have a graatar
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surfaca than coarsa anas, mora PAHE can adsoro 1o tham. Al paint C 700 tha tolal PAH laad was
diffarant during tha threa samplings, with highast comants maasurad in Movambar and loweas!
maasurad in Saplambar. This partially cormasponds 1o the water canlants which wara atso highast in
Mavambar. In Dovar at poirdt 05 the lowast ovarall concantration was also maasurad in Seplambar
ard tha highast in Novambar. The Saplamibar sampla takan form the haour amranca was highar
coraminatad than the ana lakan al tha barth. Sofar no claar trand s visiola but it seams thal in Dovar
thara iz no ditarancea balwaan samplas fakan al tha barth ar al tha pord antranca, wharaas in Calais
tha barth samplas seam lo ba highar contaminated. This would alsa undarling the absarvations mada
batara. Dovar with ds ralatvaly apan structura and the fastar walar exchanga allows pallutans o ba
tranzpariad ovar a longar distanca, wharaas in Calais with its anclasad structura tha PAHs mainkhy

ramain clasa o tha paint whara thay wana ralaasad.

Fram Talbke 72 it can ba ssan that tha ralative PAH compasitions are comparabla. Only tha sampla
takan in July at poirt G5 shows in ralation to the athar samples a highar pyane and

banz|santhracana valua.

Table 79 PAH compoaiton of the sedment samplea takenin Calais and Dover in July, Seplember and howveminer

i peroent.
dala Jul Jul. Mo, Jul Sap. v, Jul Sap. Mo, Sap.
paint Cal1 C5 Ch CFo CTF0 CTa0 o5 o5 o5& 700
ATHE 0 0 0 0 a 0 ] 0 0 0
FLRE 1 0 2 1 a 2 1 1 1 0
PHEN 1 1 2 1 T b 2 1 1 1
AMTH B 11 18 B 21 10 10 B T G
FLLUA 2 2 2 2 2 3 3 2 2 1
PYR 27 33 20 18 16 18 i7 25 23 28
BaA i8 23 14 12 13 i2 13 18 i8 22
CHRY 8B i1 i1 10 k2 10 10 i2 i1 i1
Bk F 4 4 5 4 4 4 3 5 4 5
BaP 7 4 5 10 (5 9 a9 (5 7 g
Dahd a9 L5 a9 13 B i2 14 7 10 B
BghiP 2 1 1 2 2 2 2 2 2 1
INDE 5] 3 4 B B b B (5] 7 5

Plafling tha imamaric ratios of PHEMANTH against FLUAPY R f can ba saan that in all sadimants with
axcaphaon of GO0 the PAH composition indicalas a pyrabdic angin. In contrary 1o tha sadimant, tha
compasiion af tha PAHs in the watar samplas oftan did not clearly indicats tha sourca. This diferanca
might ba tha rasult of the lastar dagradation of PAHs ariginating from patroganic sourcas (saa

Introduction). Tharatare mainky PAHs from pyralytic procassas anlar tha sadimant.
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Fig. &2: Plotof isomenc phenanthrens/anthracens and fuoranthenspyrens ratios of all ssdiment samples faken
im Dower and Calais in July, Seplemiper and hoveminer,

To compara tha sadimant samplas, tha walar samplas and the mussal samplas {akan in Dovar and
Calais a principal componant anahesis was padarmad. Tha rasulls ara shown in Table B0 and Fig. 63
Eigarmvactar 1 was rasponsible far 47.6 9% and aigameactar 2 for 182 % of tha tolal varianca.
Eigarmractar 1 was mainly posiiva far tha high malacular waight and nagativa tar tha low molacular
waight PAHs. Eiganvactor 2 malars mainly to chrysana, banz|glanthracana and tha sum o
banzjHtlvaranthana and banz[Htlvaranthana. Thasa compounds ara padially solublke in walar. Tha
PCA plal shows that all sadimanl samplas had high values far aigameactar 1 and tharalara thay show
a highar canfant of high malacular waight PAHs. As this indicates a pyrolbdtic arigin as obsarvad in tha
plot of the eomaric ratios il can ba assumad that the sadiman samplas wara mainhy influancad fram
atmasphans inpul Tha samplas of the small and madium sizad mussals wara 13kan clasa 1o stations
G5 and CO. Tha walar samples 1akan in July ara siluatad atl tha baltam af tha graph wharaas tha
samplas takan in Movamibar ara siluatad at tha lop of tha graph. This shows that the four and fiva ring
compounds maksa up a lowar parcamage of tha tolal concantration in tha July samples than in
Movambar. In Fig. 63 it can also bea sean thal the water samples evan thosa faken closa (o the “Prda
al Kanl®™ do not show a PAH pattam similar o the sadimanl samplas. This shows that tha sadimant

which was rasuspandad by tha ship scraws doas nol influanca the watar samplas.
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Fig. &3 Poncipal component analysis of the relative PAH conceniratons |percentages) of the water, sediment
and muszael samplea isken in Dover and Calais in July, Seplemier and Moveminer. Frst leflen
Wawater zample, S=sedment sample, Mamussel sample (SMAL=zmall 20-30mm, MED l=m edium 30-
40mm, LARGslarge 40-50 mm). Second lefter; J=July, S=September, M=hovemer. Last four letiers:

sampling point.

Table 80 Feature vector for the PCA of the water, sediment and muassl samples taken in Dover and Calais in
July, Septemier and Movemb=sr

compound  EW1 EV2
ATHY -0.186 018
ATHE -0.30 008
FLRE -0.34 -0.00
PHEM -0.30 -0.30
AMTH -0.11 025
FLLUA 025 013
PYH niz2 -0.31
Bah 015 054
CHRY -0.110 055
BokF N33 024
BaF 035 0oy
Caha 034 013
BghiP 033 013
INDE 0.33 0.10

Sock &t al (2000) axaminad sadimants in a Franch harour {Gatonau). Hara tha falal PAH canlant,
with a comparabls PAH compo sition to that ona analysad in this projct, had a maximum valua o
1411 ngqg . Inside the halours of Rolterdam and Amstardam (The ) sadimants were analysed by de
Boer &l al. (2001). In this case the tolal cortens of about 4000 ng g~ weare higher than in Calais.
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9 Results and discussion of the toxicity and accumulation tests

9.1 Lumistox test

Tha rasults of tha Lumistox fast ara shown in Fig. 64. For this axparimant thraa indapandant inkal and
autlat samplas wara lakan al painls SCH1 and SCH2. All thrae zamplas wara lastad twica lar thair
avarall loxicily. The pH valuas of the oullal and inkel samplas ara shown in Fig. 64. Thea inkel samplas
all had a pH of 8.07. Tha basic luminascanca maasurad al tha baginning of tha first 25t (pH 6.86) was
3478 that ana of tha sacond tast (pH 7.02 and pH 6.84) was 4206. Tha figura shows tha difarancas in
inhioition batweaan inkat and autlal watar. Thase datarminad against a 3 % Malll solution contral. Dua
to tha nutrianis in tha nalural seawatar which ara missing in tha Nall salubion also nagatve valuas lar
tha luminascanca inhibibion wara detarminad. | can ba saan thal all resulls and also tha rasulls plus
tha datarminad vanance wara balow 20 % inhibibon. A& (hasa valuas wara ablainad with undilutad
samplas thasa rasults raprasant tha highast valuas which can ba axpaclad. Tharafara thara is nao
passibility 1o calkulate the EBEG,; (aflective concantration whara 20 % luminascanca inhibition s
absarvad) and the samples can be regardad as nondoxic. As the Lumistox tast corrssponds 1o
micrapial toxicily it can be said that tha effluant of the ssawalsr scrubbar has no dalaminabla

nagaliva altact an tha microbial systam of tha harbours.

B

gzu

£ |
> T l
210 ] I

35 :

: |

pH 6.86 pH 7.02 pH 6.84

Fig. &d4: Resulta of Lumistox test. Shown are the differences between aeawaler soubber inlet and oulel waler
faken during the aampling in September. The pH ahown was the pH of the outlet sample
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9.2 Brine shrimp fest

Tabka B1 and Table 82 show tha rasulls of tha acuts and the chranic taxicily dalarminad with thea brina
shrimp fasl. Tha results far tha tast parlormad with juvanila Arermia salfing ara shown in Table 81
thosa lar tha tast with adulis ara shown in Table B2, The pH of tha outlkal walar varied batwean 683
and 707, thal of tha inlal walar batwsan B.12 and B.15. Tha samplas akan for tha brina shnmg asl
warg indapandant fraom thasa takan for the Lumistox test. For the last with the juveanila Aremis
batwaan 34 and 75 individuals and far tha adull tast 22 to 35 individuals wara randomby chosan and
put in patri dishas. As can ba saan no adult ar juvanile Arermia saling disd dunng tha tast, naithar allar
& h nor atter 24 h. Tharatara no taxcity af tha outlat walar lowards A. salia could ba absarvad. As tha
tasl was parformad ovar a ima span of 24 h also na chronic taxicity could ba cbsarvad. A saling s
ragandad as key raprasantative far planklon organisms. Tharakorg i can ba statad that the saawalar
scruppar alfluant has no nagalive alfacts an plankion organisms.

Takle 81: Results of the bnine shoimp test pedonmead with 24 h old pvenile Aremia galing

juvanilas 30 min &h 24 h
pH aliva daad alwa daad alwe  daad

inkst Praba 1 B3 34 0 34 a 34 ]
inkst Praba 2 Biz2 37 a ar a a7 a
inkst Praba 3 815 82 0 62 a 62 ]
outlet Praba 1 707 &7 0 67 a 67 a
oullet Proba 2 687 75 a 75 a 75 a
oullet Proba 3 683 68 0 68 a 68 a

Table 82 Reaulis of the brine shimp el pedommed with 4 weebka old prvenile Arfemia saling

adult 30 min Gh 24 h
pH aliva daad alwa daad alwe daad
inkt Prabs 1 813 23 0 23 0 23 0
inkt Pralbs 2 g1z 22 0 22 0 22 0
inkt Prabs 3 Bi1s5 27 0 27 0 27 0
oullet Proba 1 707 27 0 27 a 27 0
oullet Proba 2 687 24 0 24 a 24 0
oullet Proba 3 683 35 0 a5 a 35 0
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9.3 Accumulation test
9.3.1 Mussel analyses: size, weight, condition index, fat content

In this chaplar tha results of tha combinad accumulation and taxicity test, parformead with tha mussal
Mytius eduilts, ara prasantad. In Fig. 65 tha proportions ol tha dry tissus, the shall waight and tha
walar cortant ara shown, Tha sizas ol tha single mussals are shown in Table 83, “Caontral &
containad in comparison o “contral 5° and “contral 8 mana individuals graatar than 60 mm wharaas in
“cantral 5° and “contral 8” thara ware mara individuals smallar than 50 mm. Tha watar conlant and tha
dry lissua waight af tha latlar two ara with 269 2%, 27.2% and 4.5 %, 5.1%, respaciivaly, highar than
in “cantral & with 23.7 % walar contant and 3.2 % dry lissue waighl. A similar bahaviour ¢an ba
apsarvad far tha tasts “pard 017, “part 47 and "part 077, In test "pad 017 11 mussals wara graalar than
araqual 680 mm, in“part 47 anly 4 and in “part 07" nana of the mussals was graatar than 80 mm. Far
the tests “diss 037, “diss 067 and “diss 09 tha size distributions wara similar to thasa of tha particulala
trial and tha contrals, with ralativaly mara long mussals in tnal “"diss 03 and tewar in tnal “diss 06 and
“diss 097, In this casa tha obsarvad ralations of walar, shall and dry fissua waight ara anly raflactad in
tha walar conlant. On the nght side of Fig. 65 tha maan parcaniagas aof tha walar conlent, tha dry
tiz=ua and tha shall waight of all siza clazsas, ara givan. I can ba ssan thalincréasing mussal siza s

parallalad by an incraasa in shall waight and a dacraasa in ralativa watar conant.
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Table 83 length [mm] of all mussels employed for the accumulaion teal The oolours separate the table inthe
main classes used for the FAH determination. The first class amaller han 50 mm and the second dass
petween S0 mm and &0 mm
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Fig. &5 Mean percentages of ghell, dry and wet fasue weight for all muasels used in fhe accumulaiion test. Leit:
percentages for sach test, right: mean for all tests.
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Fig. &6 Comdation plots. Leit: whole wet weight against length. Right: shell weight againat length. In both cases
the red line shows the nonlinear model and the Back limes the 85 % confidence inderval
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Fig. &7 Comelation plota: Left: wet fasue weight againat length. Modde: dry Sasue weight against lemgth. Fight:
dry fissue weighi againai wei fissus weight. Im both cases fhe red line shows The nonlinear modsl and
the black limes the 95 94 confidence inerval

In Fig. 66 and Fig. 67 tha comalation plats of talal wal weaight, shall waight, dry lissua waighl, and wal
tizsus waight against shall langth and dry tissue against wal tissua waight are shown. Tha usad madal
funchions, thair paramatars, the 85 % conhidenca intarvals of the paramalars and tha cormalation
coalficiant B* ara shown in Tablke 84, 1t can ba sean thal the depandancies batwsan langth and shall
waightl, wal waighl and lolal waight show good carralations, wharaas the scallar of the dry lissua

waighl i much highar.

Takle 84: Results of linear and nonlinear regression

) waighi waighl waighi waighl waighl
depencant varable tatal fa) shall [g] waltissua [g]  dry issuafa]  dry fissua [g)
) ) waighl
indapandant variabla kngth [mm]  length [mm) kEngth [mm] kngth [mm) drv fissua [a]
1|JI'IE1.K:II'I I'|-'=£||".3i'lll I'|-'=£||".1'lll I-f-:g.x'll J::ﬂmx"' .'F=£-r-.¥
Paramatar a 6732E-05 1208E-05 2332E-04 2564E-04 01488
min 95 % 4 F0O0E-05  TA15EOT 1200E-04 1490E-05 0.1450
max 835 9% BBOOE-05 2341EDS J465E-04 4 9B0E-04 01530
Paramatar b 3082 3363 2412 1310
min 95 % 2886 413 229 1675
max 85 9 3238 3585 2533 2.145
H? 0825 0767 0874 0551 0753
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9.3.2 Mussel analyses: PAH content, accumulation, martality

In Fig. 68 tha rasulis of the standardizad mussal fissus axtraction and tha B valuas far the calibration
linas ara shown, Tha arror bars far the mussal tissus ara the amors givan by tha manutaciurar, Tha
armar bars of tha dalarminad valuas are calculsted by ad aof tha GC-MS accuracy accarding ta tha
valuas given in Table 17 (25 ug 1), It can be sean that all values were detarminad within the given
arar range and accuracy with tha axcaption of fluarana. In this casa the daelarminad concaniration
was 11.3+ 0.2 ng g wharaas tha given valua was 10.2 + 0.4 ng g . It has 1o be considarad, that anly
the accuracy of tha GC-MS maasuramant was stalad and not the accuracy al tha whole mathod,
which would ba somawhal highar. For the mussal axtraction the accuracy of the mathod was nol
detarminad lika tar tha axiraction af tha walar samplas, bacausse a slandardisad ralaranca malarial as

cannol was availabla.

All datarminad PAH cancantralions ara shawn in Tabls 85 Tha compoaunds addad parmanantly during
tha last ara indicatad in ifalics. Tha conlants of thasa compounds ara also visualisad in Fig. 69, Tha
“background” concantrations of thosa compounds thal wara notl addad during tha tast are shaown in
Fig. 70. Thasa conlants can ba ragardad as nagative contral. In tha lattar graph it can ba ssan that
acanaphihylana, acanaphthane and dibanz|afanthracana are aqually concantratad in all mussals,
benzo|a]pyrens, banzojghiparviens and indenol1,2 3,c.djpyrana are shighly increasad and fluarans,
banz|alanthracana and banzo|Hflvoranthena plus banza|k|fluoranthana are nearly doublad in tha
cantrals fram tha extamal basin. Il can also ba saan thal within the axtarnal contrals the PAH cantanis
ara shghtly incraasad in thosa mussals graater than 50 mm. For the mussals usad in tha last an
invarsa distrioution was obsarad. In most casas the concantratian is lowear in tha mussals smallar
than 50 mm. Fig. 69 also shows a quita similar distnbution of PAHs in the conmtrals from tha axlamal
basin and from tha contrals in tha last. The PAH concanlrabons of thoss compounds addad
parmanantly ara incraasad clearly in tha mussals from the pariculata and the dissahad tast in
companson fo tha contrals and thosa mussals from tha axlamal basin, Comgaring tha resulks tram tha
dizsalvad and tha parficulata tesl thare i no dilerenca recognizanla. To chack this obsarvation
slatistically, a t-lest was parformead. Thea test was padormead in two difarant ways: |) to chack whethar
thara iz a signilicant diflaranca baltwaan tha two size classas and ) lo chack whathar thara B a
significant diffaranca batwaan the dissolad and tha padiculate tasts. Tha usad fest was (ha 1-tast lar
tasting the aquality of tha vanancas of two dapandant random samplkes and was calculaled acconding

fo

n=2
.4-.':|1-.':§-|: —F.'le

[ = =

2
t=5 -3

whara 5, and 52 ara tha standard daviations of two samglas, n s the numbar of comparad rows and H?
i tha carralation coaficianl. Tha rafaranca valua can bea (akan from a significance ¢han [dagraas al
freadom = 8, @ = 5 %1 gqnog = 231} In both casss the calculated 1-valus was balow 2.31, tharsiors i
can ba said that the absarvad dilerancas in vanability ars coincidantal. A maasura tar tha carmalation

can ba givan by tha B2 which i (L8763 for the comparnsan of the PAH concanitrations in tha mussals
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smallar

and graatar than 50 mm, and 0.9877 tar tha compariaon of tha PAH concantrations in tha

miugsals fram tha dissalad and tha particulals test. This shows a high corralation batwaan tha rasults.
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Left: Companson of PAH concentations determined in the standard mussel fissuse and the onginal
concentraions . Right: comelation cosflicenta, aleepnaess and aection of the exiemal reference lines

Table 85: PAH concentraiona [ng g '] determined for the mussels in the acoumulaion lest. Compounds indicated

im italics are those added daily. ext are the musssls faken from fhe extemal basin, 02, 05 and 08 are
the controls, 03, 05 and 09 are the muassls from the dgsolved teat and 01, 04 and 07 are the mussels
frxm e pariculale feat
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Fig. 549: Mean concentraions of the added PAHs, determined for the different accumulaion tesis.
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Fig. 70 Mean concentratons of e PAHs which were not added duning the test, determined for fhe different
accumulaton feaia.

Takble &5 expecied PAH concentrations im the musssels if all added PAHs would have been accumulated
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PHEM ANTH FLUA PYHR CHRY
pariculate 01 <50 47926 20036 15668 8141 1399
=50 47926 20036 1B66E 8141 1389
pariculats 04 <50 47552 19921 18561  B09S 1391
=50 47852 18921 18361 805 1391
parbculals 07 <50 47199 19731 183BS 8018 1378
=50 471899 19731 183BS 8BO1E 1378

diss (13 <50 355071 14841 13828 6031 1037
=50 35507 14841 13828 6031 1037
dizs 06 <50 43475 18175 16934 T3S 1269
=50 43475 1175 16934 TIBRE 1269
dezs 09 <50 53405 22326 20802 9072 1559

=50 53405 22326 20802 4072 1558

Table 87 Percentage of accumulated PAHs, caloulated as quotient of sxpected and obssrved PAH contents in
fihe mu=sssis.

PHEM ANTH FLUA PYHR CHREY
particulale 01 <50 08 15 6.1 10.0 182
=50 08 12 ab 24 153
paticulale 04 <50 12 15 6.5 106 194
=50 15 2.2 6.3 103 116

particulate 07 <50 1.0 16 a4 8A 14.9
=50 14 1.3 74 11.4 153

dizs 03 <51 1.7 a0 a8 141 211
=51 1.7 24 85 140 1892
dizs 06 <50 18 156 10.2 151 168
=50 18 156 10.2 151 168
dizs 08 <50 05 a7 38 6.5 132

=50 0.5 0.7 4.8 6.5 13.2

Curing the whala fasl (30 days) the mussals in the dissalvad and parliculala thals wara tad with tha
falkrwing absaolute PAH amounts:

« phananthrena = 640475 ng

« anhracana = 267750 ng

# flugramthana =248475 g

*  pyrana = 108800 ng

« Chrysana = 18700 ng
b

If e muszels would have accumulaied 1he total amount of the added PAHs the concentration shown in Table 86
winuld have 1o be expacied. The values were calculated aa the quotients of the total amount of the PAH
compounds and the sum of the diy fssue weight of all mussels used in fhe conceming test. Companng
theas values with e aciually delermined compound conceniralons, the acoumulaion rale can be
caloulated, as guaotient of the cbserved conceniralion and the expecied conceniraion in percent. The
resuliz are shown in

Tabka B7. I ¢an ba saan thal from tha addad phananthrana 0.5 % 1o 1.9 9%, tha anthracana 0.7 % 1o

3.1 %, fluaranthana 3.8 % 1o 102 %, tha pyrana 6.5 % 1o 106 % and tha chrysana 11.6 %o 21.1 %

warna accumulatad.
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Fg. 71: Concentraiions of phenantwene, anthwacens, flucranthens, pyrena and chiysens [ng I measured in the
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Durnng the accumulation tast tha conants of the addad PAH compounds phananthrana, anthracana,
fluaranthana, pyrana and chryzana in the watar of tha agquarium ware datarminad half an haur allar a
walar axchangs and diractly balora the fallowing waler axchangsa alter thraa days. Tha rasulls ara
shawen in Fig. 71. Tha pH, salinity and tha walar lamparalure ara shown in Tabla BB Within tha walar
samplas of tha contrals the phananthrana and anthracana confants wara aqually low in tha baginning
and at tha and of tha threa day panod wharaas tha pyrana, chrysana and fluaranthana incraasad
during that tima. Tha samea was obsarved in the samplas from the aguana of the dissolvad tast Also
tha coranls wara quita similar. |n confrary o the incraasa ol disalved pyrang, chrysana, and
fluaranthana, tha conlarls obsarvad in the padiculals test showad another distribubon: tha
phenanthrana cantant in the baginning was 259 ng I and inthe and 15 ng I, tha anthracansa conlanls
wara 427 ng I and 10 ng I the fluaranthena corterts T27 ng I and 174 ng I the pyrana contatnts
608 ng |17 and 203ngl" and the chrysena conterts 448 ng I and 400 ng I, raspactivaly. The
absarvad diftarancas balwsan tha PAH contants of the pariculale and tha dissolvad tasts and tha
incraasa of fluoranbana cannal be axplainad. Ona raason might ba that tha water of tha aguarnum
was nol mixed tharoughly anough bafora faking the samples. This was dificull as stiming was nol
passinla bacausa af tha mussals in the aquanum. This would also axplain why mainly dissolvad PAHS
wara dalarminad wharaas tha pariculate PAH fraction was low. Tha raasan far tha laltar aspact could
alza ba that tha samplas wara nol fakan diractly aftar tha PAH additian, but about hall an hour latar.
As blus mussals ara able 1o filtar about 1 1 saawalar par hour and 30 mussals wara insida tha

aquarium halt an hour ssaukd ba sufficiant to filtar tha whals watar valums of 17 L

Takble &4: pH, salinity and femperaure determined in the aquanums duing the fest

oH sal Tamp [9G]
Ta1 31.5 18.5
BO& 315 18.5
THA3I 315 18.5
TA2 315 18.3
Bo1 31.5 18.5
T84 315 18.4
T84 315 185
Bo2 315 18.5
793 315 185

e BN o o I ) PN B % B

Fram Tabla 77 whara tha PAH concantrations dalarminad far tha mussals lakan in Calaie ara shown.
It can ba =aan that tha tolal amount of tha mussals smallar than 40 mm in Calais = about tha sama as
thosa concanirations obsarvad in the axtarnal basin and tha contrals, but the composition i ditarant.
Tha mussals takan in Calas contain highar concantrations of phananthrana and tluaranthans wharaas
tha mussal takan from tha Jade Bay show highar concantrations of high malacular waight PAHs. Dua
ta thair lta histary thea mussals ara nol directly comparable concaming to thair PAH concantrations.
Tha mussals in Calais wara growing insida an anclosad harfbour with high shpping activibies. Tha PAH
compasihon af this harbour has bean discussad bafara. Tha mussals (akan from tha Jade Bay wara
mainky inluancad from PAHS raaching tham through the atmasphara. Tharsfara thay cortain mainkhy
high malacular waight PAHs.
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Although the PAH compostiona of the mussels canndd be comparsd directly, the accumulation rates will be
amilar. The Prde of Kent” discharges about 525 m? of mixed colling walerSeawater scnubber
effiuents during each vail (see .64 on page 100} in the poria of Dover and Calais, 5 times a day.
Cuweng one day 252 5 m? of oudet waler would be infroduced info eadh porl. Taking the mean PAH
differences of Talble 73 this would sum up %o 8 total PAH infroduction and 1o a2 conceniraton increass
of the values shown in Table 89, As only the water volume of the port of Dover was available this
caloulation waa exemplany campied oul with This volume [2.538 km?). In thia calculaton pazes dus o
biclogical or chemical degradaion (U, miao organiams, Fanslocation processes) and physical
processes [cuments, adsorpion and setfing) are mot induded. Assuming that one musssl fillers about
1 | seawater per hour and using the dry weight caloulated according fo Table 84 and a mean
accumulaton rate from

Tabla BT than tha contants givan in Tabk 90 would ba tha rasull altar ana yaar of accumulation lor

ana mussal. As insida a harbour thara i not anly ana mussal and as the accumulatad PAH: would
hava o ba sublractad from tha availabla PAHs in tha walar body tha raal valua makas up anly a vary

small fracton of tha valuas in shown in Tabla 84.

Table 8% Total PAH amounis [mg] thal will b2 theorstcally introduced dunng one day inie the porta of Dover and
Calie and theorefcal concentration inorease [pgl ']

tatal amaunt [mg)

cancantration incraasa

raleased in 1 day lpg ['] par day

ATHY 1 1
ATHE & 3
FLRE 34 13
PHEN 295 117
ANTH 7 3
FLUA 45 18
PYH 103 41
Baa il 26
CHRY a5 a7
BiokF 15 &
BaP 33 13
DahA 5 2
BghiP 11 4
INDE 4 2

Table % Mean accumulation rate, total accumuiBaion per day and year and resulting contaminalion afler one
year fora 20 mm musss.

maan act accumulation accumulation concartration ina 20 mm
rata [%] par day [pa] par yaar [ng] mussal affer 1 year jng g |
13 35 128 163

1.7 1 04 5

64 249 108 136

11.0 107 391 4499

163 102 372 475

Modality

This test was also parformad as a ltoxicily tesl. Tharatora thae modaliy of thea mussals was also
apsarvad. During the whaola test 4 of the 270 amployed mussals died. Two mussals of the agquanum
“diss 37 aftar threa and altar 21 days, ana ol test "pad 77 alter savan days and ane in aquanum “par
17 altar 10 days. As the mussals of tha pariculate and tha dissalvad last wara agqually conlaminalad

with PAHs this mortalty can ba assumad far all mussals in tha tasts. Four mussals of tha 180 mussals
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diad, this gwvas a modaliy of 22 % Whan tha lasls are considarad saparalaly than the mordalitias in
tha pariculste fest would ba 3.3 %%, 0% and 3.3 %. Far tha dissohad lasts the result would ba 6.6 9%,
0 % and 0 %, Thasa valuas ara within tha natural vanaoility. Tharalara it can bea sialad that tha PAHs
had na taxic allact an tha mussals, As this lest was padormad ovar 3 ima span ol 30 days il can akso
ba slatad that tha PAH compasition af tha altluant has no chranic toxic alfact an the mussals.

Tao chack tha caonstitution of the mussals, tha fal and tha shall indax (51} wara datarminad. Tha rasulls
ara givan in Table 91. The highear tha fal conlant and tha highar tha 51 is, tha batlar tha conditians al
tha mussals wara. | can bea saan thal tha Sl far the mussals takan in Calais was aboul doubla tha 51
datarminad far tha mussals usad in tha last. Tha raasan far this might ba thal the mussals tar (ha tasl
warg starad in the axtarnal basin wharg no addiional faod than tha saston and plankion callaciad
togathar with tha mussals was availaola. Tha mussaks of Calaie wara collactad disctly insida tha
haroour. Hamours are charactanzad by aurophication and high bigproductiaon and tharalore anough

tood far the mussals was availabla.

Low fal and Sl valuas weara only datlarminad far “pad 17, In this 125t tha maan shall langth was
854 mm wharaas in tha ramaining particulala tests the shall langth was sharlar. Biggar mussals nasd
mara lood and tharatara thay fasgtar sultar starvabion. This could also ba a raason why sama af tha

miugsals diad dunng tha lasl

Table 91 kean shell index and i3] content delermined for the mussels of e accumulation test and for the
mussels aken in Galais

fasi Sl fal contant [%:]
Calais 131 r.d.
axt basin T4 22
cant 2 50 586
cont 5 68 a.1
cam 8 7.7 53
part 1 4 4 33
part 4 7.6 34
part 7 649 548
dizs 3 TE 348
diss 6 7h 548
diss 8 6.3 58
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Curing this praget the amdranmantal impact of a seawalar scrubbear has bsan analysad far tha
harfoours of Galais and Dovar. Five sampling campaigns wara arganisad during which samplas wana
takan insida tha pords, from the saawaler scrubbear systam and within a fransact leading 700 m away
fram the saawalar scrubbar outlal. The saawatar scrubbar, tha so-calked “Ecasilancar”, was instalked
in tha tunnal af tha channal farry “Prida of Kanl® o raduca har 80, amissions. As saawalar scrubbing
5 3 wal fluagas desulphurisation procass nol only 50, i dissolhvad but alsa MO, valatila arganic
compounds, and hydrochlaric acid. Tha dissohvad 50, and MO, farm sulphunc and nitnic acids and
raduca tagathar with tha HCI tha pH of tha scrubbing affluant significantly. Tha samplas takan fram tha
saawalar scrubbar systam parially showad pH waluss lowar than pH 3. Bacaussa of the bultaring
capacilty of saawalar dua to tha bicamonate systam tha pH incraaseas again aflar an initial aciditication.
This could be shown in savaral expanmants. From thasa i could also ba shown that a mixiura
coraining 40 %% of saawatar acidifiad to a pH ot 4, La. comparabla to thal whal happans in a saawalar
scrupbar, anly changas s pH aboul 0.2 units. Ta raach this aquiliorium savaral hours wara naadad
but tha largast changas wara obsarvanls already a shar lima aller miking. On board of tha _Prda o
Kanf' the saawalar scrubbar affluant was mixad with saawalar from the codling cycla al tha vassal
Thus a signihicant pH incraasa could ba ablainad but tha pH was still kowear in comparnisan ta tha inkst
ard tha surrounding watars. Tha lowsasl pH maasurad in the ovaboard dischangs was 6.2, As many
arganisms ara anly abla o surviva whan anvironmantal condibions ara stabke adacraasa in pH might
ba a nsk for thosa aorganisms. That iz why tha Uniled Siates Environmeanial Prolection Agancy has
passad a gudaling concaming tha introduchion al acids which siales that within the indial mixing 2ana
tha pH changs i nol alowad 1o ba highar than 0.2 units. In tha cass of the Ecosiancar tha intial
mixing 2ana is diractly in fronl of the ovarboard dischargs aof tha _Prida of Kant®. To chack whathar
thara s an cbsarvabla pH changa, samplas wara fakan diractly in framt af tha autlat (1 to 5 m dstanca)
and 501 m, 350 and 700 m away traom tha outlal. In no sampla takan at tha first paint of this transact a
pH dacraasa was obsarvad. In Calais the natural pH vanabilily was much highar than tha varigbilty
maasurad in tha transact. This shows thatl tha bicarfbonala systam in tha saawatar alfectivaly buttars
tha acids addad by tha oparation of the Bcosilancear.

Additianally ta the acdification the dissalad S50, incraasas tha sulphale cancantration in the affluant.
Tha samphkas akan bahind tha Ecosllancar showed a sulphals incraasa batwean 140 and 187 % In
frash walar lakes sulphale might ba a limiting factar bul in 283 walar suphats & a comman and
consarvalive companant Tha inkt samplas takan in tha Channal ¢an ba considanad as blank samplg,
bacausa tha inlal walar was nol influancad by tha autlat watar and in tha Channal tha walar currant is
high enough 20 thal an influanca of the pravious passing of the Prda af Kant® ¢an ba naglactad. In
thasa samplkas sulphata concantrations balwaan 2580 and 2990 ppm warma obsarvad. In tha outlst
samplas valuas batwean 2600 and 3052 ppm wara datarminad which accounts for an incraasa of 0.4
o 45 2. As the mathod o datammina this concantralion aleady had an arar of 6% a sulphata

incraasa in tha outlal samplas cannal ba stalad for sura. Evan if thara would ba a slight incraasa tha
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influanca al tha saawalar scrubbar an tha sulphate concantrations in tha harbours and tharalara an
tha maring anviranmant waould ba wvary low. Additionally # has (o ba mantionad thal in Calais a wida
rangs af sulphale concanlrations, batwaan 1479 and 2628 ppm, was obsanvad.

Anathar nutriant that might be influancad by the saawaler scrubbar i nitrata. | & lormad in tha
sorubbing procass whan MO, 5 dissolvad inwalar. i an impodant nutriant in tha £aa. In tha samplas
takan aftar the Boosiencar in the Channal, tha nitrate concantrations wara about twa ta thirflean limeas
highar than in the saawalaer inlel samplas. The cleanup procassas on baard (cyclonas and LS lillar)
did nal raduca thase concaniralions. Tha anly reduchon was dbsarved aftar dilubon af tha affluan
walar wilh tha cooling watar. |n tha afluant samplas tha nilrale was anly twica tha inlal concantration.
Taodatarming tha influance of this additionally addad nitrogan a caleulation was mada to datarming tha
amount of additional biomass produchian. This showsad thal an incraasa in primary produchion in a
givan yaar woukd ba lass than the actual primary production duning ana sunny day par squang malra,

Anathar indiras! influanca ol the saawalar scrubbar that hasto ba considarad is thatl tha raducsad pH in
tha affluan influancas the solubilty of matal sons. To chack this, samplas wara akan from tha
saawalar scrubbar system and anahysad for thair malal conlants. The higheast valuas far all samgplings
wara dalarminad far the samplas takan fram the saltling tark and tha pipa kading to tha saltling lank.
This walar conlains the particles filarad from tha walar by the cyclonas. Tha high concantralions
showad that tha cyclanas alfactivaly ramava confaminalad padiclas. Tha highast matal canlanis wara
datarminad far imon. As iron i the majpr compound of ship stsal this rasult is not surprsing. In tha
autlal samplas baside iran also coppear, nickal and laad wware found. Thasa wara anly dalaciad during
two samplings and hara also in the inlet samplas. Tha coppar might ariginata from ship coatings thal
contain coppar as antifouling biocida whils nickal i ks inon a compound of ship steal. With raspact o
tha matals it can bea said that tha seawatar scrubbing procass itsall has noinfluance on thair conlanis,
but that dua o the raducad pH mealals ara leachad fram tha steal, the ubing and the unnal. If tha
malals ara prasant in particulala tarm thay ara filtarad oul of tha watar and ratainad in thea saltling tank.

Tha sludga i ramavead saparataly and tharafara na harm an tha manna amdronman is axpactad.

Anathar group of compaunds that is annchad in tha saawalar scrubbar affluant ara palyeyclic aromatic
hydrocarbons. Thasa arg aithar dissolvad or bound to so0l particless which are tarmad during
incamplala combustion procassas, The low molkecular waight PAHs such as tha two and thrasa rning
compounds ara saluble in walar wharaas tha highar makecular waight PAHs with four nings and mana
ara mainky bound to pariclas. Tharafara nat all PAHs can be ramavad tram tha walar with tha WS fillar
and tha cyclonas which ramova anly pariculatas. This i tha raasan why thara wara shll ralativaly high
amounts af PAHs in tha oullal samplas. Howewvear, in frant ol the saawalar scrubbar outksl nao
incraasad PAH confants could ba datarminad. In Dowar high PAH concantrations wara most aflan
tound clasa 1o the middla ar in tha wastarn par of tha part wheara tha walar i shallowar. Al this paint
tha currant speads ara lowsar and tharstara pollutants might bea anrichad. Ghasa 1o the barh and alttha
aastarn anlranca of tha hamour low PAH conlants ware maasurad most probably onginating from
Marth Saa watear, which s kowar confaminatad with PAHs, and is flowing ima tha pord al this paint.
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In Calas tha PAH contants wara mastly aqual at all paints. Only dunng the sampling in March wary
high cortants ware abserved al point Cal 3. Here a iotal PAH cortert of 765 ng |7 was measured
which was tha highast valus dalarminad in all harbour samplas. This high concantration was tha rasull
af an algal bloom accurnng at that paint. Tha planktan calls might hava anrichad the PAHS by diflarant
pattways: tha PAHs might have adsorad 1o the surfaca aof tha calls or tha arganism dsalf producad
tha PAHs ar ook tham up and accumulatad tham thal way. This shows that thara ara also vary high
natural variabons. Saasonal variglions wara also dosarved. In summar the concantrations wara closa
ta tha dataction limit and high malacular waighl PAHs wara nol found at any point In contrary in lata
fall and aarly spring the PAH corlants wara highar. This vanabilly i tha rasull of tossil fual buming
which is incraasad during tha haating pariad. Thes is alsa the raasan why in fall lighar amaunts aof high

malacular waight PAHS wara maasurad.

To detarming tha ongin of tha PAHs and to axcluda tha seawalar scrubbear as probablea sourca
ragrassian and principke componant analysas wana partormad and ditarant indicas basad an isomaric
rabios wara gopliad. Tha latlar indicatad that tha PAHs datarminad in tha saawalar scrubbear samplas
anginatad from a patroganic sourca. This was surpnsing becausa il can ba axpaciad thal in a funnal
anly PAHs ol pyralytic argin should occur. The reason could ba thal tha fual & nal complatakly
comipustad. Thea indicas calculalad tor the hamour samples did not clearly differantiale batwaan a
pyralytic ar a patroganic arigin poassinly dua 1o the dilarant PAH sourcas that influanca tha haroour.
Onang hand thara ara big ciies closa to tha ports intraducing a high amount of PAHs anginating trom
a pyralytic argin (shipping, car trathic, haating) and an tha athar hand thara ara tha shipping activitias
insida tha por thal introduca PAHS anginating from patroganic sourcas. With tha linaar ragression and
tha princpla companant anahysas it could ba shown that the compasition of tha saawalar scrubbar
samplas was diltarant fram thosa obsarvad in the harfbours. A changs of the signal dus o the dilution
with the coaling walar could ba rajaclad bacausa tha PAHs in the oullal samples showad tha sama
distribution as thosa in tha syslam fsalf. As dala on seawalar samplas ara raraly availanks in tha
Maratura sadimant and mussal samplas wara also 13kan insida tha pords of Dovar and Calais. Tha
PAH laad of the sadimanis was comparable o concantrations maasurad in anothar Franch harour
and wara lawear than in tha pords with high shipping activitias like Holtardam and Amslardam. Tha

miussals wara highar comaminatad than mussals callactad al the Shaflands ar in tha Baltic.

With respact o lamparatura, nulnants and PAHs, tha two porls showad dilerancas. Onea raasan mighl
ba tha dilarant architectura. In Calais the haouwr s anclosad by walls and is made up of thraa arms.
Ona arm & saparalad by a flood gale which s only opanad dunng high tida. Tha city of Calais and
lacal industry ara located naxl fo tha hadour and tharalare the anthropoganic influanca i ralalvakby
high. A walar axchangea is only passiola through a ralativaly small antranca in tha narth-wast af tha
haroaur. In conftrary the hadbour of Dovar possassas wo anlrancas, ona in tha south and ana in tha
wasl This anables a highar walar axchangs and tharatara the walar ramains inside the harbour far a
sharar tima. This pord has no side arms whare walar can ba ralainad, as tha haour walls ara built
araund a larga basin. Dusa 1o this architactura tha ity of Dovar touchas tha par only at tha narth sida.
Bacausa of thesa diferences the anvironmanial paramaiars dalerminad in the parks wara also

diffarant. In Dawvear thea salinily was highar and tha walar lamparatura was lowar in tha mosl casas than
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in Calas. Alsa tha phosphate and nitragan concantrationsn and in most casas also concanlrabians al
pahreyclic aromatic hydrocarbons wara lowar. Tha nitrale concanrations dalamminad far tha two pors
showad a distinel seasonal bahaviour. In summear low concantrations wara measurad, wharaas in
Fabruary and NMovambar ralativaly high concantrations wana absarvad. Milrata is a limiting nutnanl far
marnna argansms and tharatora it & daplstad in summar whan plankton bioproductian is high. In fall
and wirlar arganic nitrogan compounds arg raminaralisad and banca tha nilrale concantrations

ncraasa.

Additianally to tha absarvations insida tha pards and board of tha _Prnda ol Kanl®, loxiciy lasls wara
parfarmad lo delarming tha awarall loxcity of tha autlst waler. Tha tasks covarad inhiodion ol baclanal
luminascanca, mortaity of brina shimps and accumulation of PAH by blua mussals [(Mylius edilish

Mana ol allthis tests did ravaal an incraasad toxicity of tha alfluant, naithar acule nor chranic.

Summarizing tha results it can ba said that in tha alfluant tha pH was dacraasad by a maximum of twa
pH units, tha sulphata contant was slightly incraasad and tha nitrale concantration was doublad. Closa
to tha saawatar auliat in tha ambiant warars no dacraasa in pH, no highar nitrata ar sulphata values,
and no increased PAH o melal contanis wara delarminad. Also no loxicily lowards baclana,
2ooplanklan ar mussals was dalarminad lar the oullal samplas. Although the PAHs ara incraasad in
tha outlal walar thasa would hava raachad tha Modh S5aa anmyway by atmosphanc deposition aftar
ralaasa by combustion. |n this casa tha PAH amounts would hava bsaan highar as in tha saawalar
scrubbar systam a parl was collaclad by tha cyclonas. Improvamant of the cylona alficiancy would
halp o minimiga the problam of pariculata PAH intreduction ta the marnnea anvironmeanl

Addiianally it has to ba siatad that whan tha saawalar scrubbear is 10 ba ba usad in araas with brackish
ar frash walars, the alfacts might ba diflerant. Frash walars have far axampla less pH bullaring
capacily — unlass tha walar drains a camonacaous araa - and tharatora the cntical load lor acidity

might ba reachad wary fast.
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Appandiz

Appendix
Matlab Source Code for Principal component analysis

dose all;
dearal;

loaid alks_hartodr 4,
Il = Rl _harbowr,
NLm o = o ael 1]
nuam_ ool = Sall 2,
T = P |_alke_har b i .77 ;
ind=A;
whil@ fadifid) == 0
hiind = facank fd %% 1T,
ind=ind=1;
wind
fid o (A,
gandi = 1; SeStandardae vakees by mean and sandard dedalion
sand? = 0, SeStandardzs vakees aly by mean
ool =i Srarial baeg for th ol cusalion o the cosai anos
oowE =0 Saanial b for the cal cualion of the covad ancs
fori =1
BAF) = reenal | i _noesi T,
BAF) = STl nism_now.i 11,
wind

% Standard e vakoeg

ilgt@nd
B | = 1 nism_poaw
fovj =1
M_gick ) = el 1R VB
and

wind
and

ilsande

T = 1 nism_fow
fior | = 1 nm_col
M_sa [ = WA
end

and
end

% Calculaling covariance mai ¥
fior | = 1num_col

BB = il _gtol ] Tiam_row, i T;
end

ficw j1=11im_ool
i | 2= Anisim_ood
for | = niam_pow
o1 = 1 _ck) 1121 st A
OONE = 0N Z s Ciowl
ool = i

and
oo 1j2) = cowdinum e 17,
oo 2=

end
anid

% Compuling eipenvalues and sigeniechrs
[V.D= dgicav],

d = GiglecHl;

W WY

S g mac G genyedior vakes
[WALUE INDEX] = siorid);
e = INDEXnum_col |
Vakal = VALUE num_cd],
e = INDE X ruim_ood -1,
VakeZ = VALUEfnum_col-1];
ilnism_od =3
Iincdaxd = INIDE Xniam_ool - 2T,
Vakad = VALLE inuim_col -2,
wnd
bodal_war = sumdd),
Vall_war = {'vial e itobal_vary 100
Va2 var = {'ialiseShokal_vary 100
Vals_war = vl weShotal_vary 100,
s plaprindd it
depdaprint Fvakeed (%2300 ghvaa accound for %210 %% o the bobal vardance (5210 " vakaed, Vall _variotd i)
dapapring Wl wel | W2 3 phves acoouind or S 10 W of the bobal vai ance (%2110 . ValueZ Valz_war bobal_vard)
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Appandiz

ifnm_ool = 5
displaprinil {'Valus | %2 30 ghes aocount b 52§ %% of ihebokal varance S2 10 et Vaked, Val3_warboal_var)
and

% Crgaling heabure ¥ador
Tl {1 num_oodl 1) = W8 1 mem_ood inde ),
Tl W {1 ool 2) = W81 mem_ood, inde ez,
[CET R T
dispiaprinl { The Ealburg vadior for derivng the new data sl is'n7)
fiod i = Tgizaical V.2
s plapringd (% 52 21 WELZ OF Asal Wil fead_WEiT)
and

% Dl ng the naw daba el

h_gici=h_gicT;
Final_Data = feal_v"h_3id

Final_Data = Final_Cag';

% plting final data

¥ = Final_Datag 1 nm_row, 11;

¥ = Final_Datai 1 num_row, 21,

ol i oK)

il ePrincpal component ananlyak. al harbour § amples om all sanplings’)
absais prind {aiganvachor 1 (%210 %% ofvadance), Vall_war])

yabsakis prind " sigamechor 2 (6211 %5 of vanance]. Vats_varl)

gr_ind=1;

fior = 15 ade 1)
o Ly )iy _jndsir_ind=4] Horizonial Aignimant [ right’. Viartic alak gnmant, boilom, FoniS 24, & Rotalion’ 270)
EII1:_11.1.-:_11.:|.5-;

Systat source code for linear regression analysis

REGREES

uze DNECOSILENCER DATEN'Daten\PnS 161104'veg Spunkie syd
FRINT = LOMG

MODEL P02 = P01

ESTIMATE

FLOT PO1FO2 F SMOOTH=LINEAR COMNF le () 8500

L]
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