
O C E A N O L O G Y  N o. 1 (1977) 73

CZESŁAW GARBALEWSKI 
HENRYKA BEREK 
ANNA BRZEZIŃSKA 
ANNA TRZOSIŃSKA 
DANUTA WIELBIŃSKA

Institute of Meteorology and Water Economy 
Maritime Branch — Gdynia

A STUDY OF TURBULENT FLUX OF AIRBORNE PARTICULATE 
MERCURY PASSING FROM THE ATMOSPHERE INTO THE SEA*

C o n t e n t s :  1. Introduction 73, 2. Theory of turbulent flux of admixtures 74,
3. The m ixing height 75, 4. Measuring techniques 77, 5. Discussion of results 80; 
Streszczenie 86; References 86.

1. INTRODUCTION

O nly sparse m ateria l is to be found in lite ra tu re  so fa r  on the 
occurrence m ercu ry  in the  sea and  the  atm osphere. In  particu lar, th ere  
is ve ry  little  on the question of m ercu ry  p resen t in  the a ir above sea 
w ater areas. This is one of the  aspects concerning the general budget of 
m ercury  circulation betw een  the atm osphere and the sea. In  th is bugdet, 
apart from  the m ercu ry  in flu x  in to  this environm ent by  n a tu ra l geochem ­
ical processes, there  is a rising share of pollution com ponents [10] due to 
the  activ ities of Man.

One can assum e th a t the n a tu ra l background for the presence of 
m ercu ry  in  sea w aters, caused by the rock w eathering  processes, is equal 
to the  m ean Hg concentration in  the  w orld ocean which is a t p resen t 
about 0.03 n-g/1 [10], The data th a t are of p articu la r in te rest to  us are 
those on the m ercu ry  concentrations obtained by  F itzgerald  and H un t 
[4] for the no rth -w este rn  A tlantic. These concentrations in the surface 
layer of the  ocean in the  Long Island nearshore zone are  0.032 txg/1 for 
•the organic and  0.026 n-g/l fo r the  inorganic Hg compounds. On an  aver­
age, m ercu ry  concentrations in  the  atm ospheric a ir above the  large 
industria l centres, such as Osaka and Chicago are 2.2 and 4.8 ng/m 3 
respectively  [2, 11], For the  ag ricu ltu ra l areas the  concentrations of 
m ercury  in the air, recorded in the  USA so fa r are from  1.4 ng/m 3 in 
W illam ette [14] to  1.9 ng/m 3 in the  Chicago area [2],

* Prelim inary results of this study were presented at the X  Scientific Session  
of Physical Oceanography of the Polish National SCOR and published in ’’Studia
i M ateriały Oceanologiczne”, No. 14, 1976.



We did not succeed in  finding any exact figures on the  d ry  fallout 
of m ercu ry  passing into the  sea, in  lite ra tu re . The p resen t s tudy  aim s 
at obtaining such data  for the  G ulf of Gdańsk region, w hich —  sim ilar 
to the  whole of the  Baltic —  is alm ost unexplored  as ye t in  th is respect. 
O ur knowledge does not go far beyond the  s ta tem en t th a t the share of 
aerosol com ponent in the  process of exchange of m atte r  betw een  the  
a tm osphere and  the  sea is quite  essential. Its  m agnitude is confirm ed, 
fo r instance, by the  fact, w ell know n from  lite ra tu re  [9], th a t the  am ount 
of s tron tium  90 passing from  the  atm osphere d irec tly  into the  Baltic 
during the  past fifteen  years was found to be four tim e h igher th an  the  
share of th is  radioactive elem ent en tering  the  m arine environm ent w ith  
the  r iv e r discharges. In  the  case of m ercury  of course, the  data can be 
expected to be d ifferen t. Therefore the problem  requ ires special studies.

2. THEORY OF TURBULENT FLU X OF ADM IXTURES

If we assum e th a t aerosols are sprayed  in the  atm osphere up  to height 
H and the self-cleaning process occurs by d ry  sedim entation only, then  
assum ing their hom ogeneous concentration, the  fallou t velocity  of p a r­
ticles can be determ ined  from  the  expression

v  =  - | -  ( l )

w here t  —  is the particle  residence tim e in air. I t  is the  eddy diffusion 
th a t decides on the  effective fallou t velocity of the a irborne  particu la te  
m atter. The in tensity  of diffusive spreading of the  aerosol particles and  
of the a ir self-cleaning process due to the  tran sfe r of the  atm ospheric 
adm ixtures in to  the sea can be investigated  th rough  the sem i-em pirical 
equation of eddy diffusion. Upon th is assum ption, the  form ula for the 
spreading of passive aerosol particles in a ir under non-sta tionary  condi­
tions, and  w ith  the horizontal diffusion com ponent neglected in our 
considerations, w ill read

<?qa „  ¿ 2qa . ~
d t  _  z Oz2 — A q a  (2)

w here: qa —  partic le  concentration in  the  n ear-w ater atm ospheric layer, 
K z — vertica l eddy diffusivity , A —  self-cleaning constant, z —  vertica l 
distance in the atm osphere. Dealing w ith  the  process in  th e  n ear-w ater 
atm ospheric layer we m u ltip ly  equation (2) by H, w hich is the height of 
the tu rb u len t m ixing over the  sea su rface and  has been defined by D.L. 
L aichtm an [12] as

H =  -------/  - ............Cl* G -........  (3)
2  coz V  C i ( q / T 0) ( a T/ ® z )  (Ya —  Y) +  m / 4  c l



where: ci — dim ensionless coefficient, equal to 2.3, x —  the K arm an  
constant, G — geostrophic w ind velocity, coz —  vertica l com ponent of the 
E a rth ’s angu lar velocity  T0 1— tem peratu re , a T — the P ra n d tl num ber, 
Ya and y —  the  d ry  adiabatic and m ean ac tual vertica l tem p era tu re  
gradient, m  —  constant defined by the  energy dissipation ra te . The 
expression thus obtained w ill describe the vertica l flux  of airborne p a rti­
culate m atter, in w hich the  m ixing height is the  param eter defin ing  the  
developm ent scale of the  tu rb u len t exchange process. Hence, the  ra te  
of tran sfe r of particu la te  m atte r  tow ards the  sea surface a t the  height 
a t w hich m easurem ents w ere taken , equal to about 10 m  a.s.l., can be 
given by

F 10 =  H ( A q a _ K z (4)

In  order to  carry  out these calculations we had to assum e th a t the 
aerosol concentrations w ere hom ogeneous in the horizontal p lane and 
th a t the vertica l d istribu tion  of qa was linear. The m agnitude of the

self-cleaning constant, A =  — , was obtainable from  the investigations

on the  a irborne salt nuclei in  the n ear-w ater atm ospheric layer over the 
Baltic. Such investigations w ere carried  out by one of the  au tho rs [5] 
of the p resen t report. The self-cleaning constant obtained therefrom  for 
the  Baltic a rea  is A =  1. 12 X  10-5s_1. This value w as determ ined  by  two

differen t m ethods, 1. an  analysis of the  tran sisto ry  fluctuations of

— tim e dependent changes in  salt nuclei concentrations in the n ea r­
w ater atm osphere, and  2. b y  exam ining the  particle  size d istribu tion  of 
the  a irborne particu la te  m atte r The above value for A was obtained 
for the  w estern  a ir circulation conditions over the  Baltic. I t  is som ew hat 
less under the  local circulation in  the investigated  w ater area (A =
— 0.91 X  10—5s—1). Since in the  area of m easurem ents the w estern  circu la­
tion dom inates, it appears reasonable to use the  form er value, A =  
=  1.12 X  10_5s—1 instead.

3. THE M IXING HEIGHT

It is only in  ra re  cases th a t direct m easurem ent resu lts  of m ixing 
height in the  a tm osphere a re  obtainable. Still, th ere  is a num ber of 
m ethods to  determ ine the  m ixing height ind irectly , e ither by theo ry  
[13] o r basing on the  practice used in applied  m eteorology including 
synoptic practice [7]. The range of applicability  for each of the  indirect 
m ethods w ill depend on a large ex ten t on the atm ospheric and  m orpho­
logical conditions for w hich th is height is determ ined.



In  o rder to assess the  value of m ixing heigh t H in  the  p resen t study, 
two m ethods w ere p rim arily  used. W henever Yiooo — the  m ean vertica l 
tem pera tu re  g rad ien t up to 100 m  above the  ground did no t exceed Ywa — 
the  w et-ad iabatic  g rad ien t value — or did so to an insignificant ex ten t 
only, w ith  high w ind velocities occurring a t the  same tim e, we generally  
used th e  m ethods basing on form ulae of general applicability  in  dynam ic 
m eteorology [6, 12].

In  the  cases of h igher gradients, approxim ating the  d ry  adiabatic or 
super —  adiabatic ones, the m ixing height was determ ined  from  aerological 
diagram s [7]. C ertain  m odifications w ere also in troduced  for the condi­
tions not covered by  the  m ethods th a t w ere used by  various authors 
[7, 12]. This refers, in  particu lar, to th e  cases w hen th ere  was a fron t 
w ith  a low cloud layer or a continuous precip ita tion  zone in  the  sam pling 
area. The character of the sam pling area was also considered being ge­
nerally  a coastal land  or sea region, i.e. v e ry  m uch d istu rbed  w ith  respect 
to the  unhom ogeneity  of th e ir  surface conditions.

The follow ing m eteorological da ta  w ere determ ined  and used as 
param eters for assessm ent of H in typical cases:
— vertica l s tab ility  of a ir mass, determ ined  from  the  aerological dia­

gram s of the radio-sounding coastal sta tion  in  Łeba (taken a t  00.00 
and  12.00 hours GMT),

— the  direction of a ir m ass advection, from  the synoptic charts,
— w a te r tem p era tu re  a t  sea surface, from  shipborne m easurem ents or 

m easured a t the  W ładysław owo coastal station,
—  m axim al a ir  tem p era tu re  over land,
— m inim al a ir tem p era tu re  over land,
— the geostrophic w ind velocity, G, according to the  synoptic charts, 

averaged from  th ree  hours of observation for the ’’cool” p a rt of the day 
(00.00, 03.00 and 06.00 hours GMT) and  from  four hours of observation 
fo r the  ’’w arm ” one (09.00, 12.00, 15.00 and 18.00 hours GMT),

— value of u  —  w ind  velocity  taken  from  the  radio-sounding data, from  
Łeba, averaged for 0, 100, 300, 500 and 1000 m  above the ground,

— heigh t of th e  cloud layer and the  character of p recip ita tion , if  any,
— inversion heigh t w ind speed and direction.

It was com paratively  cool and  w indy at the  tim e the investigations 
w ere carried  out. The therm odynam ic equilibrium  was fa ir ly  h ighly  
d ifferen tia ted , and the m ixing heigh t was v e ry  unstable. The values 
obtained for H reach from  a few  m etres in  the  cases of negative vertica l 
tem pera tu re  g rad ien ts in  the  low est a ir  layers a t low w ind velocities, 
up  to about 2000 m, in  cases of unstab le conditions. For certa in  sum m er 
seasons having a d istinct d iu rnal tem pera tu re  course, the  d iu rnal course



of H had inversion of ex trem e H values above the sea regions as com pared 
w ith  the  land  areas. The resu lts  of the analysis as applied  to  H and  Fio 
calculations are  listed  in  Table 1.

4. M EASURING TECHNIQUES

M arine aerosol and surface w ater sam ples w ere taken  in  th e  G ulf of 
G dańsk (Fig. 1) during  the exploratory  cruises of the  research  vessel 
’’H ydrom et”. A ir was filte red  by  m eans of a w a te r f ilte r  (air w asher). 
E quipm ent of th a t type was exposed in conjunction w ith  a one-stage

Fig. 1. Hg measurement stations in the Gulf of Gdańsk area 
Rye. 1. Rozmieszczenie stacji pomiarów rtęci na Zatoce Gdańskiej

cascade im pactor to check the  effectiveness of cap tu ring  the a irborne 
particu la te  m atte r  by  the  a ir washer. A schem e of the  equipm ent is 
found in  Fig. 2. A ir d raw n  by  a pum p en tered  the  w asher th rough  a  glass 
pipe placed 1— 2 cm above the  w ater surface. Im m ersion of the  pipe end 
in w ater was avoided to  p reven t the  blow out effect of collected substan ­
ces th a t m ight be passing from  the w ater during the  bu rsting  of a ir bub­
bles a t the  w ater surface.

The portion of the particu la te  m a tte r  th a t  w as not cap tu red  by w ater 
was collected on the  surface of a glass p late  in  the  im pactor. To achieve 
this, the  glass p la te  w as tre a te d  w ith  a vaseline in  petro leum  solution. 
A fter exposure of the p la te  a P u lfrich  pho tom eter was used and  the
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frac tion  collected on the  glass p late  was m easured 
by em ploying th e  ligh t dispersion principle. To check 
the  particle  cap tu re  effectiveness of th e  a ir w asher, 
glass p lates w ere exposed afte rw ards w ithou t the use 
of an y  w a te r  f ilte r. The effectiveness of capturing 
aerosol particles in  the f ilte r  was sligh tly  above 90 
per cent on the  average. The equipm ent was de­
signed to sam ple a irbo rn  p articu la te  m atte r  from  
practica lly  un lim ited  a ir volum es per sample. A n a ir 
w asher w as filled  w ith  up  to 20 m l b idistilled  w ater 
and sam pling was conducted under s tric t control of 
the  w ater level during  the  exposition. The air w asher 
was m ade of glass. Even so, the  intense w ater m ove­
m ent during  exposure of the  equipm ent, the sm all 
surface of the  vessel and the  re la tive ly  short sam p­
ling tim e resu lted  in  Hg losses, due to the  absorption 
possibility  of th is  elem ent on the  w asher w alls, if 
any, being p ractically  im perceptible. Im m ediately  af­
te r  exposure w ater taken  w ith  the  sam ple was 
poured in to  a po lyethylene can w ith  concentrated  
n itric  acid and stored deep frozen in  a refrigerato r.
The sam ple w as th u s  secured against Hg losses du ­
ring  storage.

A ir filtering  took place on the h ighest deck of 
the  vessel, 6 m  h igh a.s.l. Care was taken  th a t the  
f iltra tio n  took place fa r  from  the  exhaust pipes on the  ship, w ith  fresh  
air passing from  the  outside. The effect of the  vessel on the  pollution 
level of a ir a t the  f iltra tion  site w as ac tua lly  negligible, as can be in fe rred  
from  the open sea m easurem ents. In  the open Baltic the m ercu ry  con­
centrations in a ir w ere freq u en tly  found to equal or approxim ate zero. 
P aralle l w ith  the  m easurem ents in  th e  open G ulf area, analogical f iltra tio n  
w as carried  ou t in  Gdynia, a t the  poin t on the G ulf coast, w here  the 
described equipm ent w as exposed 12 m  above sea level. The sam pling, 
storage procedure, and the  cap tu re  control weref the  same as a t  sea.

W ater sam ples from  th e  sea surface w ater lay e r w ere collected by 
m eans of p lastic bottles. I t  w as possible to sam ple w ater from  a  layer 
p ractically  0.5 m  beneath  the  sea surface. From  the  very  m om ent of 
sam pling, w a te r sam ples in  polyethylene cans w ere sto red  in a  re fr ig e r­
ator down to —  20°C. M oreover, to avoid losses during  storage sam ples 
w ere trea ted  w ith  a concen trated  n itric  acid, 10 m l per litre  of sam pled 
w ater.

Fig. 2. Schem e of 
aerosol sampling  

equipment

Rye. 2. Schemat 
urządzenia zastoso­

wanego do pobiera­
nia próbek aerozolu 

z powietrza atmo» 
sferycznego



M ercury concentrations in the  sam ples collected from  the  atm osphere 
and the  sea w ater w ere m easured  by m eans of the  Beckm an (model 448) 
atom ic absorption spectrophotom eter. Sam ples w ere cold-m ineralized w ith  
potassium  perm anganate  and  potassium  persu lphate . A flam eless tech­
nique was used in  the  m easurem ents and records w ere m ade a t the  253.4 
nm  w avelength. The detection  lim it of about 4 ng  was adequate to m ea­
sure Hg concentrations h igher th an  0.1 n-g/l w ith  a precision of 5 per cent. 
The coefficient of varia tions increased up to 50 per cent a t low concen­
tra tions approxim ating  the  detection lim it.

5. DISCUSSION OF RESULTS

The applied m ethod enabled us to exam ine the flu x  of airborne m er­
cu ry  passing into the  sea w ith  o ther particu la te  m a tte r  suspended in  air. 
The m ercu ry  fraction  p resen t in  the atm osphere (p redom inan tly  the ga­
seous form  in m ethyl or d im ethyl m ercury), theoretically  w ould dissolve 
in  w ater u n til the dinam ic equilibrium  w as achieved. O ur m easurem ents 
have proved th a t, on the average, the am ount of organic m ercu ry  com ­
pounds p resen t in  aerosols and atm ospheric precipitations reaches 45 to 
95 p e r cent of th e ir  to ta l m ercu ry  content, probably  depending on the 
degree of industria l pollution of the atm osphere. I t  is thus concluded th a t 
some organic m ercu ry  com pounds are n o t gaseous. P a r t  of them  are  appa­
ren tly  linked w ith  th e  aerosols. I t  m ust not be excluded th a t the  aerosol 
particles can ac t as effective Hg sorbents, among these particu la rly  the 
carbon particles.

The to ta l m ercu ry  concentrations per un it volum e m easured in  the 
n ea r-w a te r atm ospheric layer in  th e  G ulf of G dańsk are  listed in  Table
2. These values are  com pared against th e  m agnitude of Hg flux  directed  
from  the  a ir tow ards the  G ulf surface, as calculated  on th e ir  basis. The 
values of Fio and qa varied  during the  m easurem ent period w ith in  one 
o rder of m agnitude, and so did qw  —  the  m ercu ry  concen tration  in  the 
G ulf of G dańsk surface w a te r layer (Table 2). The m ercu ry  concentra­
tion  in  sea w ater is approxim ately  one m illion tim es higher th an  in  the 
atm osphere.

Table 3 lists separa te ly  the  m ean qw values for the  G ulf of Gdańsk 
coastal zone in the  Three Towns Com plex (Gdańsk— Sopot— Gdynia) 
(Fig. 1, S tations Nos. 1. ZN2, ZN3, NP, GD). The average m ercury  
concentrations a t these stations during  the  m easurem ent period w ere 
one and a ha lf tim es h igher th an  those recorded  fo r the rem ote stations 
in the Gulf area. Such a d ifference in m ercu ry  concentrations is even



Table 2 
Tabela 2

Total mercury concentration and vertical flux  of mercury over the Gulf of Gdańsk 
Całkowite stężenie i pionowy strumień rtęci nad Zatoką Gdańską

Data on aerosol sampling 
(water filter)

Wind velocity, 
m/s

Measured Hg 
Concentration 
in  air, ng/m3

Calculated 
Flux F10 

ng/m2 hour

Sampling tim e Air volum e 
1974 m*

Gulf Gdynia 
of
Gdańsk

Open Gdynia 
Gulf nearshore 

area

Open Gdynia 
Gulf nearshore 

area

May 318.7 
68.0

August 38.7

October 6.1 
59.7

6.4
7.5

2.9

8.0
4.8

0.25 ±  0.02
2.13 ±  0.18

1.03 ±  0.09

1.09 ±  0.29
2.21 ±  0.18

<5.4
31.9

18.5

10.8
29.0

Table 3 
Tabela 3

Total mercury concentration in the surface water layer of the Gulf of Gdańsk and 
the sedim entation of particulate matter in air and the sea water 

Całkowite stężenie rtęci w  powierzchniowej warstw ie Zatoki Gdańskiej 
i prędkość sedym entacji cząstek w  powietrzu i wodzie

Data on Sea 
Water sampling

Hg Concentrations, 
£«g/l

Calculated Hg 
sedimentation velocity, cm/s

Sampling time No. of 
1974 samples

Open Nearshore 
Gulf (Three Towns 

Complex) area

In air In water

May 3 
2

August 3 
4

October 4 
4

1.37 ±  0.04
1.01 ±  0.04

0.67 ±  0.04
1.81 ±  0.05

0.05 ±  0.04
0.12 ±  0.04

0.65 0.01.10-5 
0.42 0.09.10-5 
0.50 0.08.10-5

0.27 0.06.10-5 
0.37 0.68.10-5

m ore clear from  Table 2 fo r the  airborne m ercury  compounds. The va­
lues for G dynia in th is respect are  th ree  tim es h igher th an  the  respective 
data  obtained for the  open G ulf area. These data  m ight also be 
indicative of the source of pollution and of the d irection  in  w hich it is 
spreading from  land tow ards the  sea. N othing defin ite  how ever, can be 
asserted  on the  share of airborne m ercury  in  its circulation budget in

6 — O c e a n o lo g ia  n r  7



the w ater area itself. One w ould  have to com pare these data  w ith  the 
ra te  of the  m ercu ry  passing w ith  riv e r inflow  in to  the  G ulf w aters 
w hile th is am ount still rem ains unknow n.

The m ercu ry  flux  into the G ulf of G dańsk w aters w ith  the  airborne 
particu la te  m atte r  during the  m easurem ent period was w ith in  5.4— 31.9 
ng/m 2 per hour. All the  same, even w hen assessing m uch higher m er­
cu ry  concentrations in  the  nearshore  atm osphere, one should not ru sh  
to the  conclusion th a t a ir  is the  m ain source of w ater pollu tion in the 
G ulf of Gdańsk. As m ay be in ferred  from  previous investigations 
[1], the  emission of w ater droplets in to  the  a ir  from  the  ocean surface 
is of the o rder of 100 droplets/cm 2, s. Hence, the  m ercury  emission from  
w ater into the atm osphere w ith  the m arine aerosols can be quite sub­
stan tia l. On the  o ther hand, the  m ercu ry  m ethyl (or d im ethyl) volati­
lization can have qu ite  a d ifferen t m echanism . The process of particle  
emission into the  atm osphere in general is p articu la rly  intense in  the 
su rf zone, as explained, for instance, on the  exam ple of DDT spreading 
in the  Baltic [13]. This fact is due to the  peculiar dynam ics of the  sea 
in its nearshore zone, adding to  the  emission of droplets passing into the 
air. The m echanism  of th is  emission should be effective, above all, for 
the  com ponents collecting in  the  surface film  of sea w ater. The concen­
tra tio n  d istribu tion  of m icroelem ents in  the sea surface layer, and 
especially in  its film , has not ye t been sufficiently  explored; one m ight 
expect th a t h igher concentrations w ill be found in th a t very  film.

I t  w ill be seen from  the  data  listed  in Table 3 th a t Va —  tran sfe r 
velocity  of airborne particu la te  m atte r  tow ards the  G ulf w aters —  ra n ­
ged during the  m easurem ent period betw een 0.3 and 0.7 cm /s on aver­
age. This is a velocity  com parable w ith  th e  sed im entantion  velocity  of, 
say, sm oke particles in  w indless air, w ith in  the  rad ius of the  o rder of 
10-4 cm [3], i.e. for the  g iant partic le  sizes, to  w hich the airborne sea 
salt nuclei fractions, exam ined in  the study  [5], also belong. S till, in our 
case the  velocities obtained do not re fe r to  the  sedim entation in  calm 
w eather, b u t ra th e r  to  the  particle  tran sfe r under the  eddy diffusion 
conditions. Therefore its m agnitude depends on the  m ixing height and 
on th e  self-cleaning constant A, determ ined  previously  [5] for the 
tu rb u len t conditions over the  Baltic sea. Hence, the  values obtained m ay 
not be re fe rred  to the  g iant particles only. The a ir-to -w a te r tran sfe r 
velocities obtained, fo r instance, for C 0 2 at the  average w ind speeds of 
about 5— 7 m /s w ere of the  order of (0.1-^0.3) • 10-2 cm/s [8] and w ith  
the w ind velocity increase the value fo r the  C 0 2 exchange quickly  rose 
These are  values by  approxim ately  two orders of m agnitude low er than  
the ones obtained by us - being w hat could be expected. A ll the same, if 
we consider the  tu rbu lence  conditions during  th e  m easurem ent period,



by com paring the  above values we can also substan tia te  our conclusions 
as to  the  share  of subm icron particles in  the  aerosol sam ples tested.

The ex trem e Fio values for a irborne  m ercu ry  were obtained by  open 
a ir exposure of polyvinyl tray s  of 800 cm2 collection area, filled  w ith  
b id istilled  w ater. The exposure was accom plished during  the  research  
vessel cruises in  the Gulf of Gdańsk and also a t the coastal sta tion  in 
Gdynia. To assess the  possible losses of Hg due to the adsorption on the  
tra y  w alls para lle l exposure of polyvinyl tray s  and poly thylene cans 
was effectuated.

D ifferences in  the  losses how ever, escaped any evaluation. A n an a­
lysis of d ry  sedim ent has proved th a t Fio m ay vary  w ith in  a w ide range 
of m agnitudes (Fig. 3) also covering the  scope of calculated values. The 
considerable deviations of m easured  values, found to be in  excess of the 
m ean ones, can undoubtedly  be a ttr ib u ted  to  the  m axim um  of to ta l 
m ercu ry  concentrations in  a ir in  F ebruary , coinciding w ith  the  m eas­
u rem en t period. A part from  these, i t  should be stressed  th a t exper­
im enta l m ethods of d ry  sedim ent testing  are no t devoid of difficulties, 
and under such circum stances e rro rs  occur.

G enerally , an  equ ilib rium  betw een the  diffusive Hg tran sfe r from  the  
atm osphere into sea and the  diffusive Hg sedim entation should exist 
in  w ater. O therw ise, we could only speak of the  tendency  of continuous 
rise or drop in  the  m ercu ry  concentrations in the  sea surface layer, as 
caused by  d ifferen t velocities of m ere vertical transfer. If we therefore  
assum e th a t such an equilibrium  does exist, we conclude th a t

Fio — F w

i.e. th a t the  vertica l tu rb u len t flux  of m ercu ry  tran sfe rred  into w ater 
from  the  atm osphere is equal in  its m agnitude to the  Hg flux  d irected  
tow ards the bottom  of the sea. Hence on the basis of the values obtained 
for qa, qw and Va, we can also calculate Vw, being the diffusive sed im en­
tation  velocity  of particles in the  sea w ater surface layer. This value as 
shown in Table 3 is on average five to six orders of m agnitude low er 
th an  Va, i.e. too low indeed to  correspond to the  velocities of Hg spread­
ing in the  sea, as m ight be expected  upon consideration of the  in tense 
tu rb u len t diffusion tak ing  place in the  near-surface w ater layer. This 
conclusion coincides ra th e r  w ell w ith  the  fac t th a t the  a tm osphere can­
not be the  only source of m ercu ry  pollution in th e  G ulf of G dańsk basin. 
At any rate , th ere  is no doubt about the  actual occurrence of sudden 
change in the  vertica l tran sfe r velocity  a t the  a ir-sea in terface. If th is is 
so, we a rrive  a t the  effect of inertia  in  the  process of Hg tran sfe r th rough 
the a ir-sea  in terface, and th is in  tu rn  should considerably obscure 
the  d ifference betw een the  Hg content fluctuations in  the  a ir and



Fig. 3. Variations in total mercury cencentration in air, from the measurements 
in Gdynia (solid line, dashed during the period of longer breaks in m easure­
ments) and above the Gulf of Gdańsk (points with a dash, its length corresponding 
to the number of observation days) and F10 values (dashes for Gdynia dotted lines 
for the Gulf of Gdańsk area; their length corresponding to the number of obser­

vation days; dashes with zeros at their ends refer to the calculated F10 values)

Rye. 3. Przebieg czasowy wahań qa — stężenia całkowitej rtęci w  powietrzu  
według pomiarów w Gdyni (linia ciągła, w  okresie z dłuższą przerwą w  pomia­
rach — przerywana) oraz na Zatoce Gdańskiej (punkty z poziomą kreską o długości 
odpowiadającej liczbie dni obserwacji) a także w ielkość F10 (kreski ciągłe dla 
Gdyni, kropkowane — dla Zatoki Gdańskiej; długość kresek odpowiada liczbie dni 

obserwacji, zera na końcach odnoszą się do obliczonych wartości F10)

w ater respectively. The question of th is rela tionship  is com plicated and 
w ill need fu rth e r  clarification. W hen investigating the problem , one 
should re ly  on the  m easurem ents to be taken  in the  surface film  of the 
sea. Such  m easurem ents ac tually  w ere carried  out.

F ilm  w ater sam ples w ere taken  to check w hether the surface film  
favours Hg accum ulation. The m ethod consisted in  vertica lly  im m ersing



a glass p la te  in to  the  w ater surface layer; the test p la te  was 30 by  40 cm, 
4 m m  thick. W hen taken  out of w ater, the  film  sam ple p resen t on the  
glass was scraped off w ith  a polyethylene knife. Sam ples w ere collected 
in to  a po lyethylene storage can, and the  m ethod to p reven t Hg losses 
was in  general as described above. The surface film  sam ples thus col­
lected  during the  exploration  cruises in  F eb ruary  1975 enabled us to 
determ ine the  to ta l m ercu ry  content p resen t there; th is w as 258 n-g/1 in 
the  G ulf of Gdańsk. The analysis showed th a t there  w ere one hundred  
per cent in organic m ercu ry  compounds. By contrasting  th is value against 
the  data  in Table 3 we conclude th a t the  Hg concentration in  the surface 
film  is m uch h igher — by  tw o or th ree  orders of m agnitude on average
—  th an  in  the  su rface w ater layer. Still, the contribu tion  of the tu rb u len t 
flu x  of airborne p articu la te  m atte r  to  the  m echanism  of m ercury  accum u­
lation in  the  sea surface film  is fa r  from  being elucidated and fu rth e r  
investigations are  necessary to  explain  its significance.
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BADANIA WIELKOŚCI TURBULENCYJNEGO STRUMIENIA RTĘCI 
AEROZOLOWEJ PRZENOSZONEJ Z ATMOSFERY DO MORZA

Streszczenie

Turbulencyjny strumień rtęci przenoszonej z cząstkami aerozolu do morza ba­
dano na przykładzie Zatoki Gdańskiej. W tym celu zorganizowano pomiary stęże­
nia rtęci w  powietrzu przywodnym, na zatoce i na stacjach brzegowych. Korzy­
stając z m ateriałów aerologicznych i synoptycznych, jednocześnie badano warun­
ki m ieszania turbulencyjnego w  rejonie pomiarów. Wielkość strumienia obliczano 
na podstawie oszacowanej wysokości w arstw y m ieszania i wartości stałej samo­
oczyszczania, określonej z badań nad jądrami kondensacji na Bałtyku. Obliczone 
wartości porównuje się ze zmierzonymi stężeniam i rtęci w  powietrzu i powierzch­
niowej warstwie morza oraz z eksperym entalnym i danymi sedym entacji rtęci aero­
zolowej w  badanym rejonie. Pomiarów dokonano metodą bezpłomieniowej absorpcji 
atomowej, techniką zimnych par.

W pracy stwierdza się, że w ielkość turbulencyjnego przenoszenia rtęci z atmo­
sfery do morza wahała się w  okresie maj—październik 1974 roku w  granicach 
jednego rzędu wielkości. Podobnej w ielkości fluktuacje obserwowano również w  
zakresie stężeń rtęci w  powietrzu i w  powierzchniowej warstw ie morza.

Dochodzi się do wniosku, że już tylko występujący na powierzchni rozdziału 
atmosfery i morza duży skok efektywnej prędkości dyfuzyjnego wypadania rtęci 
w wodzie i powietrzu w  znacznej mierze powinien powodować występowanie m ak­
sym alnych stężeń rtęci w  błonie powierzchniowej morza. M aksymalne stężenia zo­
stały potwierdzone drogą specjalnych pomiarów.
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