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Abstract Settling particles (SPs) and sediments collected

in the Buenos Aires sewer area were analyzed for dioxin like

polychlorinated biphenyls (dlPCBs) and polybrominated

diphenyl ethers (PBDEs) to follow early diagenetic changes

during transport and deposition of organic matter. SP showed

a temporal trend of higher total organic carbon (TOC) and

fresher dlPCBs and PBDEs signatures during warm-rainy

months related to more efficient washout of residues. TOC-

normalized sediment trap concentrations suggest a diage-

netic magnification of dlPCBs during cold-dry months due to

enhanced decomposition of TOC, whereas most labile

PBDEs appear to follow TOC decay. The diagenetic

behavior of individual congeners along seasonal changes

(cold/warm) and during deposition (bottom sediment/SP)

shows the selective preservation of heavier, more persistent

congeners with a positive relationship with sediment half-

lives. The 3–4 times diagenetic magnification of heavier

congeners observed in bottom sediments would be a pre-

vailing long-term pathway for dlPCBs and PBDEs bioac-

cumulation in detritus feeding organisms.
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Persistent organic pollutants (POPs) are ubiquitous

hydrophobic contaminants in aquatic ecosystems which

adsorb to suspended particles and selectively survive deg-

radative processes during vertical transport and deposition

(de Bruyn and Gobas 2004). Among polychlorinated

biphenyls (PCBs), the most toxic subset of 12 non-ortho

and mono-ortho dioxin like PCBs congeners (dlPCBs:

toxicity *2,3,7,8-tetrachlorodibenzo-p-dioxin) have been

included in an equivalent toxicity scheme that allows the

calculation of total equivalent toxicity (TEQ; Safe 1992;

Van den Berg et al. 1998), but their detailed environmental

behavior along diagenetic processes is poorly documented.

Polybrominated diphenyl ethers (PBDEs) used as additive

flame retardants in commercial and household products

(Alaee et al. 2003) share some chemical characteristics

with PCBs (i.e., hydrophobicity), but they are somewhat

less persistent and have a more recent concerns (Vonde-

rheide et al. 2008), and like dlPCBs, information on their

diagenetic transformation is scarce (i.e., Johannessen et al.

2008; Salvadó et al. 2012).

The Rio de la Plata is a turbid coastal plain estuary with a

total surface area of 35,000 km2 and a huge particulate load

(90 million tons for year). The upper freshwater sector in

front of Buenos Aires City receives untreated effluents from

the main sewer (*2 million m3 day-1; Cirelli and Ojeda

2008) and several polluted channels and ports. The high

natural particulate load of the system combined to the

anthropogenic discharges produce large vertical fluxes of

pollutants that are deposited in bottom sediments (Colombo

et al. 2005a, b, 2007), facilitating their bioaccumulation by

dominant detritus feeding fish (Colombo et al. 2011).
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In order to more precisely evaluate the impact of these

pollutants in this temperate freshwater ecosystem, we

explore the effect of early diagenetic alteration of organic

matter on dlPCBs and PBDEs signatures, the selective

magnification of congeners in bottom sediments and their

potential bioavailability.

Methods

Settling particles (SP) were collected in the coastal area of

Buenos Aires (Fig. 1), 1.5 m below the surface in a 5–6 m

water column with two fixed 10 cm-diameter sediment

traps deployed upstream and downstream the sewer for

20–48 h (13 deployments).Superficial sediments (n = 7)

were collected in the sewer area with a ‘‘Van Veen’’ style

Hydro-Bios stainless steel grab sampler.

SP were immediately centrifuged and subsamples were

taken for total organic carbon (TOC) and Nitrogen analysis

(Catalytic combustion with Thermo Finnigan, CE Flash EA

1112 elemental analyzer), and for the determination of trace

organics. Sediments were split into subsamples for grain size

analysis (sieve and pipet method), for TOC analysis, and for

the determination of trace organics. Samples were spiked

with internal standards (PCBs 103 and 198; Absolute Stan-

dard), and ultrasonically extracted with acetone: dichloro-

methane: petroleum ether (1:2:2). The extracts were

concentrated under nitrogen, treated with activated copper

and fractionated by chromatography on silica gel to separate

PCBs (petroleum ether) and PBDEs (petroleum ether-

dichloromethane). Ortho PCBs (petroleum ether: dichloro-

methane), mono-ortho PCBs (dichloromethane: toluene) and

non-ortho PCBs (toluene) were fractionated by additional

clean up on carbon-impregnate silica gel columns.

Dl PCBs were quantified by high resolution gas chro-

matography (GC Agilent 6890 and 6850) using DB 5 MS

columns and equipped with a 63Ni electron capture detector

(mono ortho PCBs) and mass spectrometer (5973N) used to

confirm mono-ortho PCBs and mandatory to quantify non-

ortho PCBs. The mass detector was operated in SIM mode

at m/z 290 and 292, 324 and 326, 354 and 358, and 392 and

394 to identify tetra-, penta-, hexa-, and hepta- CBs,

respectively. Quantification was performed using an

external standard of 28 congeners (Accustandard C-WNN;

5 point calibration curve). PBDEs were analyzed by high

resolution gas chromatography/mass spectrometry using

negative chemical ionization mode (Perkin Elmer Clarus

500) in simultaneous scan (m/z 70–700) and SIM modes

(m/z 79 and 81) and a 30 m DB 5 MS column. Quantifi-

cation was done with an external standard of 39 PBDEs

(Accustandard BDE-AAP-A; 4 point calibration curve).

The detection limits (3:1 signal to noise) ranged from 4

to19 pg g-1 dw for dlPCBs and 2–6 pg g-1 dw for PBDEs.

The quantification limits (10:1 signal to noise) ranged from

13 to 60 pg g-1 dw for dlPCBs and 7–20 pg g-1 dw for

PBDEs. Procedural blanks (one for every batch of twelve

52W56W60W

26S

30S

34S

Argentina

Uruguay

Paraguay

Brazil

Atlantic 
Ocean

100 200km0

Río de la Plata

Río de la Plata
Riachuelo 

Port

Sewer

Buenos Aires 

Fig. 1 Study area in the Metropolitan Buenos Aires coast (based on Google Earth 6.1.5001).The arrows indicate the Riachuelo Port and sewer

Bull Environ Contam Toxicol (2014) 93:388–392 389

123



samples) were below the detection limits and surrogate

recovery ranged between 60 and 110 %.

Total equivalent toxicity (TEQ) was calculated using

World Health Organization factors for dlPCBs (Van den

Berg et al. 1998) and compared to Canadian Sediment

Quality Guidelines (CSQG; CCME 2001).

Concentrations of dlPCBs and PBDEs are expressed in

dry weight (dw) or TOC-normalized as indicated.

Upstream and downstream dlPCBs and PBDEs concen-

trations for the same sampling day were averaged since

they showed no significant differences (t test; p [ 0.05).

PBDEs data were only available for 7 trap deployments

and 4 bottom sediment samples. Fluxes were calculated

with the total mass sedimentation (g m-2 day-1) and the

dry weight concentration of pollutants in settling particles.

Results and Discussion

In SP RdlPCBs ranged from 0.60–14 ng g-1 dw (mean ±

standard deviation: 6.0 ± 3.6 ng g-1 dw), similar to values

reported for settling matter from the Detroit (Marvin et al. 2002)

and Niagara River (Marvin et al. 2007), and one order of

magnitude lower than values reported for the impacted Trenton

Channel (Marvin et al. 2002). The total equivalent toxicity of

dlPCBs calculated for the SP ranged from 0.3 to 18 pg

TEQ g-1 dw (4.3 ± 4.3 pg TEQ g-1 dw), principally attrib-

utable to non-ortho CB 126 (60 % ± 24 %) and mono-ortho

CBs 156 and 118 (25 % ± 20 % and 18 % ± 14 %, respec-

tively).Three of the thirteen traps exceeded the CSQG threshold

effect level (TEL = 0.85 pgTEQ g-1). RPBDEs concentra-

tions in SP ranged from 1.0 to 3.0 ng g-1 dw

(2.2 ± 0.59 ng g-1 dw), comparable to reports for suspended

sediment from a non-impacted area of Lake Erie (Marvin et al.

2007), and lower than values published for the Niagara River

(Marvin et al. 2007), and the Rhine River Delta near industri-

alized and urbanized areas (de Boer et al. 2003).

The vertical fluxes, calculated from the massive total

sediment mass collected by the traps (175–673 g m-2 day-1)

and moderate concentrations of dlPCBs and PBDEs of the

particles, are very high reflecting anthropogenic discharges

but also the natural high turbidity of the estuary mainly

derived from rainy Andean food plains (Drago and Amsler

1988). The average flux of dlPCBs (2.5 ± 2.2 lg m-2

day-1) is two orders of magnitude higher than values calcu-

lated from sediment cores collected in Lake Suwa, Japan

(Ikenaka et al. 2005). Converted to total equivalent toxicity,

the TEQ fluxes averaged 1.7 ± 1.7 ng m-2 day-1.The flux

of PBDEs (1.0 ± 0.61 lg m-2 day-1) is also two orders of

magnitude higher than fluxes calculated for Lakes Michigan

and Erie (Zhu et al. 2004), and similar to those calculated for

the Pearl River Estuary, China (Chen et al. 2007).

In spite of this massive vertical transport of pollutants,

bottom sediments (76 % ± 5 % silt) contained four times

lower TOC contents relative to SP (1.8 % ± 0.9 % vs.

7.2 % ± 5.4 %), and approximately half dlPCBs and

PBDEs dry weight concentrations, denoting a strong

alteration of organic matter. RdlPCBs ranged from 1.4 to

8.0 ng g-1 dw (3.5 ± 2.1 ng g-1 dw), similar to sedi-

ments from the Han River, Korea (Kim et al. 2009) and

from Lake Superior affected by industrial activities (Shen

et al. 2009). The average TEQconcentration in sediments

decrease six times relative to SP (0.7 ± 0.3 vs.

4.3 ± 4.3 pg TEQ g-1 dw), basically due to the10-times

decrease of non-ortho tetraCB 126 (76 % ± 6 %); two of

the seven sediment samples exceeded the TEL. PBDEs

concentrations in bottom sediments ranged from 0.5 to

1.5 ng g-1 dw (1.0 ± 0.4 ng g-1 dw), comparable to val-

ues reported for Lake Superior (Song et al. 2004) and for

the Pearl River Delta, South China (Zheng et al. 2004), and

one order of magnitude lower than impacted sediments

from the Cinca River, Spain (Eljarrat et al. 2004), and the

Masan Bay, Korea (Moon et al. 2008).

Figure 2 presents the seasonal variation of TOC,

RdlPCBs and RPBDEs in the SP. Compared with autumn–

winter traps, particles collected in spring and summer

months contain about twice of the TOC, dlPCBs, PBDEs.

This seasonal cold-warm difference is related to the

stronger anthropogenic pulses of TOC and organic pollu-

tants in the warm-rainy period (November–March), when

the trap material presents higher concentrations and fresh

contaminant signatures due to a more efficient washout of

waste from Buenos Aires Port and polluted channels

(Colombo et al. 2007).

In order to evaluate the individual congener behaviour

during the decay of organic matter, a comparison was

performed for early (temporal variability of traps) and

more advanced diagenetic stages (incorporation to bottom

sediments). The early stage evaluation was performed

considering the ratios of average TOC normalized con-

centrations of individual congeners between cold
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(degraded)/warm (fresher) sediment traps. The more

advanced stage was tested by bottom sediment/traps aver-

age TOC normalized concentration ratios. Figure 3 pre-

sents cold/warm traps and sediment/trap ratios plotted

against dlPCBs and PBDEs half-lives in sediments

obtained from Paasivirta and Sinkkonen (2009) or calcu-

lated according to Arnot et al. (2005) (EPIWin suite 4.1;

USEPA 2011).

The data in Fig. 2 suggests that seasonal TOC normal-

ized trap concentrations are not significantly different, but

insinuate a RdlPCBs increase in the more degraded

autumn–winter traps. This suggests the possible diagenetic

magnification of dlPCBs related to the faster decomposi-

tion of TOC as observed by de Bruyn and Gobas (2004).

An enhanced adsorption of pollutants at lower winter

temperatures (Della Site 2001) could also contribute to this

increase. In contrast, the most labile PBDEs appear to

follow TOC decay. The plot of individual congener cold/

warm traps ratios versus half-lives (T�) confirms that the

decay difference is congener specific. Overall, a positive

correlation is observed between the ratios and T� with

more persistent dlPCBs congeners exhibiting a significant

magnification, whereas shorted lived PBDEs show ratios

closer to one. The ratios indicate a depletion of more labile

(T� \ 1,000 days) PBDEs such as BDE 17, 47 and 99 in

cold traps (cold/warm ratios: 0.6; 0.8; 0.8), suggesting that

they decompose at a rate faster than TOC. Although

congeners 28, 49 and 85 present relatively low T� (109,

215 and 423 days), they exhibit relatively high cold/warm

ratios (1.4, 1.1 and 1.9 respectively), indicating a lower

degradation rate or most probably their production from

higher brominated congeners, i.e. BDE 153, 99 and 47

(Robrock and Korytár 2008; Torkaz III et al. 2008). Hea-

vier, more recalcitrant congeners (CB 189; BDE 183) show

the highest ratios (cold/warm: 2.9, 1.5), consistent with

their longer half-lives (5,000 and 1,628 days, respectively),

and indicating their selective preservation during TOC

decay.

In the more advanced digenetic stage during incorpora-

tion of SP to bottom sediments (four-times TOC reduction),

the mean TOC normalized concentrations double in sedi-

ments relative to SP (RdlPCBs: 185 ± 54 vs. 104 ± 82;

RPBDEs: 59 ± 19 vs. 29 ± 16 ng g-1 TOC).This suggests

that the rate of organic carbon decomposition exceeds the

combined rate of desorption and degradation of dlPCBs and

PBDEs resulting in their diagenetic magnification. The

positive relationship between sediment/warm trap average

ratios (degraded/fresher signal) and half-lives of dlPCBs and

PBDEs congeners (Fig. 3) indicates the magnification of

more persistent congeners (T� [ 1,000 days),such as CB

189 and BDE 183 (ratios 2.2 and 2.8 respectively), and the

enhanced decay of more labile compounds, such as BDE

100, 99 and 47 (sediment/warm trap ratio 0.4; 0.5; and 0.8

respectively). A similar PCB fractionation was observed

between suspended particles and sediments (Mackintosh

et al. 2006), with lower sediment/particle ratios for less

hydrophobic and labile di and tri CBs 16, 18, 32 and 53

compared with more recalcitrant penta, hexa, hepta and octa

CBs 110, 149, 153, 180 and 194 (0.05–0.09 vs. 2.5–5.0).

The congener specific diagenetic magnification has

important implications for detritus-feeding aquatic organ-

isms:in warm-rainy periods, the exposition to fresh and

more toxic mixtures, enriched in less persistent com-

pounds, is facilitated; whereas the 3–4 times diagenetic

magnification of heavier congeners observed in bottom

sediments constitutes a prevailing long-term pathway for

dlPCBs and PBDEs bioaccumulation, yet with a reduced

total equivalent toxicity.
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