CONTAMINATION OF CHLORINATED COMPQOUNDS
IN THE WATEIL ENVIRONMENT

T. Nukano, M. Tsuji and T. Okuno

The Lanvironmenlal Seience Tustitnte of Hyoge Prefectare
3-1-27 Yukilira-cho, Sta-ka, Kabe, 654 JAPAN

ADBDSTRRACT

Conecentrations of polycldorinated bhiphenyls(PCBs), polychlorinated terphenyls(PCTs), chlor-
danes nd chlorinated pesticides were measured in the waler environment, Measvrements of air,
vadn, snow, water and seditents woere obtained and used to determine PCD fluxes to the sen-
sediment, PCD fluxes to Harimn-nada were estimabed Lo 17500/2 yeur Tor sediimentation and

2.5/ m? year Tor wob deposition. The wel flux of chlordane was fownd to be .27 /1% yeur.
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INTRODUCTION

PCB had been used for aboul 20 yoears from 1954 to 1972 in Japan. Beeanse the production
wnonuk s ahinost known by year and by camposition, PCD is considered as a very uselul in-
dex to deduce the diltusion of sediments. Residual isomeric pattern of these compounds in Uie
environmental snnples rellects Lhe general abundance of isomer component of Lheie commercial
pronlucis.

The factors wltecting the concentealion of PCOx can be given as (1) Lhe distanee Trom Che sonrees,
(2) the dinmeter of sediment particle, (3) physico-chemical property of the sodiment particle,
(1) geographical fentinre, {6) Lidal eflect ete. Therelore, Lhese Lwctors have to be considered Lo
estiniike Lhe PCI contiunination of a sea arvea. On Lhe bisis of the results obtained by analyzing
the particles of e siune point of Lhe sen arca, it is cler thal the concentration of sediment
PCB i proportional Lo the parlicle size. That ix, the PCH coneenteation in the soedinwenl is
preally adtected by the particle size of sediment, Conscgnently, it is necessnry to estimade the
sediment contaminntion by excluding diflerences caused by sediment features and comparing the
PCB coneentration in the sediment of the siane pacticle sive. PCD concentration in sediment was
defined as thal in fine pacticle.

The core-sunple was collecled with Smith-Makintyre sampler, frozen in n accyl cylinder after
wnpling, nud eat to lon segments belore analysis. To dnvestignte the vertienl disteibulion
af sediment, PCB conbuninadion is importnnt Lo make clenr the yenrly acenmalation of the
conbmninant wdd the meclianisim of the diffusion (Nakaoo el al, 1990¢). The PCB concentration
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i sedimont decreased in proportion Lo the distance from the sonreo,

MATERIAL AND METHODS

PCD and related compounds in environmental sanples were avadyzed by high-vesolution GC/EChD
and GC/MS-SIM. Waler, sedintent and biological saniples were collected froum the Imonitoring area
in Harima- nada and Osaka-bay. Water samples were collocted with a pail, sediment and banthos
with a Smith-Melntyre swnpler and phukton sample with a planktog-unet.  Air sanples wore
collected at nrban area in Kobe with a high volue air sampler,

GC/MSB conditions. Cobinn @ PTE-5 capillary colunn (SUPELCO)Y 30m x 0.25mmmf 0.
S0°C (1 min hold} — 30°C/min — 200°C — 5°C/usin — 250°C.  Colunm injeclor:
splitfess iujection, 200°C.  Carvier gas flow rate, Zodd froin helin (10 psi) Mass ionization:
70:V, 260°C,

More Lhan two monitoring ions of cach elhlovinated compounds were auatyzed siunllanconsly by

GC/MS-SIM.

RESULTS AND DISCUSSION

The distribution of these chlorinated componuds iy Harima-nada, Osala bay were investigated,
The devels of these componnds in the sea-water, sea-sediment and atiosphere were monitored
somer-specifically (Talle 1),
Distribution of PCBs in the Sediment Regional dispersion of pallutants in the sediment
nre found to be deseribed by the following empirical equation,

C=pg85~"
where C s the pollatant concentration in the surface sediment, and § is the polluted area with
concenbration higher Lhan C. The paramcters noand f appear to hecome conslant for givaen
bocation aned pollutant (ivaizwni et al., 1978). Relationship betwoen concentrations of PGDs in
the sedinents and dispersed area are listed in Tuble 2.
Sedimeantation Mogt Suspended Solids(SS) are deposited on the sea bod within Sk frow Lhe
discharge sonree on the const (Hirnizund el al, 1978). Table 3 provides & sumunry of Lhe ffixes
datn for sedimentation determined by this gtucly.
The PCI3 flux in the (C) aren was approximately 10 limes ag muoch as the PCT flux, The
tolal aecnmmlation of PCDOs i sediment cares v e from 13pg/m2 Lo 520pg /w2 for Groat
Lukes (Swackhaemer et al,, 1986). In this study, PCB Hlux to Harima-nada was VT /u® year for
selinmentalion,
Deposition  Wel deposition wis desinpnled by purticle washonl, wad volatilizidion was aore
Tpartiot o sedimentadion in the Great Like. The wain source of PCBs Lo rain s dne Lo
wikiaul af the particalate phagse vather than vapor sravenging {Swackhnmoer et al, 1988).
For inany of these componuds, & fow spocific riin events wonld sipnificantly alleet the concen-
tration ofwaderial in vapor-pliase wnd particnlnte, ‘The daity virlahility of the concenteation of
erganics in the atmosphersy has been discussed (Nakano el i, 1990, 19800) with mctearological
condilions. These vesults indicate that wet deposition, eainfadi of bhoth packicnlate and vapor
phases. s been played an mportaat vole in the hehavior of chemicals,
Atmospheric PCB concentrations have remained relatively consbant over the Great Likes during
the past 10 years, PCD congener fgacity grcdionts suggest PCL volalitizalion from Lakoe Supe-
rior. Menn volaliliznlion luxes of tola! PCRs (19 nmpg/in? dhiy) nre similar to estinbes of pEross
abmoxpheric deposition to the Inke (Daker ol al, 1990). Cuncentrilions of suspended pacticle in
alr to estimate nreal buxes wre listed iy Tabio 4.
Mass -Balance Table § provides a mnass balince of compounds in Haima-nada, The wasy
Lalance npproanch msumed nosteady-stade one-hox model, awnd it equatad total sorces aned sinks
of cach compaonnd, The tolal yearly deposition of Lhese componnds to Ure epelosed s has heen



TABLE_1 Average Concentration of Trace Organics_in Air, Rain, Water,
and Sediments of llarima-nada

Compounds Snow Water Sediment Main Air year

ng/L ne/l.  ng/e ng/L ng/m"

t-chl 0.08 0.07 0.0 0.03 0.42 1986-1990
c-chl 0.04 0.12 0.0f 0.09 0.36 1986-1990
L-nona 0.06 0.08 0.03 0.69 0.28 1986-1990
DDE 0.03 0.05 0.42 8.16 0.005 1986-1990
HClls 46 0,13 <0.01 [1.4 <0.01 1986-1990
1EB <0.01 0.007 0.02 <0.01 0.013 1986-1990
PCIs n.a na 1.4 n.a n.a 1977-1979
PChs 0.334 0.806 8.222 1.745 0.434 1988-1990
18 <0.001 0.026 0.060 0.008 0.025
16/32 <0.001 "0.023 <0.00] 0.001 0.012
31/28 0.007 ©.169 0.760 0.089 0.041
20 €0.001 <0.001 0.224 0,063 0.00]
52 0.017 0.061 0.447 0.056 0.032
49 0.006 0.025 0.406 0.025 0.010
44/42 0.012 0.029 0.145 0.032 0.047
41/64 0.023 0.046 0.412 0.064 0.020
70 0.030 0.055 0.342 0.072 0.033
66 0.034 0.045 0.615 0.079 0.017
60 0.031 <0.001 0.288 0.053 0.023
91 <0.001 0.032 0.333 0.054 0.025
10t <0.001 0.033 0.502 0.114 0.026
99 €0.001 0.034 0.564 0.170 0.013
113 <0.001 <0.001 0.178 0.029 0.021
118/108  0.164 0.058 0.662 0.164 0.018
149/144  <0.001 ©0.035 0.636 0.103 0.015
153 <0.001 0.03% 0.642 0.279 0.015
. 138 6.006 0.034 0.403 0.190 0.011

t-chl: trans-chlordane: c-chl: cis-chlordane: t-nona: trans-nona
chlor; DBE:p, p'-DDE; HClls:hex'alchlomcyclohexanes: n.a : not analysed



TABLE 2 PCB flux to the llarima-nada

Conc. S AS loading Flux
we/e km? km?2 ke/vear mg/m? year
0.05 168 168 71.064 0.046
0.04 473 305 11.1 0.036
0.03 1000 527 14.4 0.027
0.02 1860 860 15.7 0.018
0.015 2470 610 8.33 0.014
3426 57 0.017
TABLE 3 Flux to the Sediment of PCBs in Enclosed Coastal Sea
PCB Tlux flux area PCB year
pg/m? year  pg/m? day km? ke/year
Harima-nada (A) 17 0. 046 3426 57 1978-1979
Harima-nada (B) 14200 39 0.45 6,4 1978-1979
Narima-nada (B) 19600 54 0.4% 8.8 1954-1979
llarima-nada (C) 266 0.73 7 1.9 1954-1979
Osaka-Bay 91 0.25 1529 140 1978-1979
PCT flux flux area PCT year
e/m? year rg/m? day km? ke/year
larima-nada _(C) 27 0.074 7 D.188 195%4-1979

(A) overall; (B} close to PCB
{€) close to PCB source {(high chlorinatéd PCR)

source (prer chlorinated PCB):



TABLE 4 Concentrations of Compounds in Particulate

1986 1988 1988

air air
V+P Vapor Particle

ng/m*  ng/m*  ng/g

t-chl 0.16 0.67 230
comp. D.04 0.17 91
c-chl 0.12 0.58 68
t-nona 0.09 0. 46 31
£-nona 0.014 0.055 23
DDEE 0.006 0.033 23
HCHs 0.3 n.a n.a
PCDI's 0.0086 0.000% 53
PCDDs 0.0088 0.0006 79
PChs 2.8 (0. 43 272
Cl2 0.04 0.009 0
Cl1 .55 0.081 0.5
Ci4 1.1 0.18 Gb
Cl5 0.77 0.1 84
Clb 0.25 0.041 4]
C17 0.09 0.0l6 h3
Cl18 0.004 0.0006 21

t-chl: trans-chlordane; c-chl: cis-chlordane;
comp.5:12346788-0ctachloro-isnmer(Mlyazaki et al., ]985);
t-nona: trans-nonachlor: c-nona: cis-nonachlor;

DDE:p, p'-DDE; HClls: hexachlorocyclohiexanes
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TABLE 5 Mass [alance of Compounds in llarima-nada

Compounds  Water Sediment Rain Air River
ng/L. ng/g ng/L ng/m*  ng/L
CHL 0.19 0.02 0.12 g.78 0. 19
DD 0. 0% 0.42 8.16 0.005
lICHs 0.13 11.4
ek 0.007 0. 02 0,013
PCls 0. 806 §.22 1.75 0. 43 0.336

Compounds  Water Sedimentation Rain Air Rliver

ke kg/year kg/year kg ke/year
ClIL 17 n.a 0.6 2.1 0.8
DDE 4.4 n.a 39 0.02 0.2
liClis 12 n.a hh 0.5
HCB 0.6 n.a 0.04 0.3
PCBs 71 57 8.4 1.5 1.4
n.a : nol analysed ; ClL : Llrans- and cis-chlordane:

Surface area: 3426 kn?: rainfall: 1400mm/year (1951-1980)
volume: 8.87x10'°m?; inflow(from river): 4.2 x 10°m’/year:
rainfall: 4.8 x 10°m?/year

—_— 23 —



ealculated by taking Lhe mean concentralion and mudtiplicd by the total yearly amonnt of rain
over Harima-nada of 1400 mm/ycar. :

Chlordane had been used mainly in urhan areas of Japan for termite control. Since 1986, clilordane
is no longer used in Japan, hut it is the most abundant chlorinated organics in urban almosphere,
The wet flux of chlordane to Harima-nada wag 200ug/m?2 yenr. Knap et al.(1988) also reported
the flux of chlordane in the ocean, and gives a range for wet flux of 78-115 ug/m2 year,

F(rain) -+ F{snow) + F(dry, nerosol} + F(dry, vapor) -+ F(river) + F(point sounrce)

= F(sedimentation) + Flevaporation) + F{degradation)

F(sedimentation) = F(scttling) + F(saltution) + F(rolling)
where F refers to the flux of compoundd for each process.
Hoisen et ul. (1991} reported that the dry deposition flux of PCDs in Chicago to a smooth greased
surface varied between 2.8 and 0.7 pg/m? day. The caleulated overall PCB dry deposition velocity
for Spring averaged 0.5 emfuce. This value didd vot inerease with incrensing PCD flux or airborne
PCB concentration.(Hoisen ot al., 1991)
Comparing with the estimation of other process , these results indicate that dry deposition, the
fallowt of coarse particies and the sorption of vapor-plinge materials, has been play an important
role in the total PCB flux. :

CONCLUSIONS

Concentrations of chlorinated organics were measured in the atmosphere, rain, snow, surface
walers and sediment at the encloged coastal sea; Harima-nada and Qsaka bay, PCD {luxes
to Harima-nida were estimated to 17pg/m? year for aedimentalion and 2.5ng/m? year for wet
deposition. The wel Mux of chlordane was found to e 0.2p2g/m? year. Dry depasition, the fallout
ol coarse particles and Lthe sorption of vapor-phase materials, has been play an important role in

Lthe total PCDB NMax.
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