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Objective & expected results (less than 10 lines):

The maintenance of waterways generates large amounts of dredged sediments (750 000 m® per year in the Nord Pas
de Calais region), often rich in metal contaminants. In general, they are deposited on dedicated sites without
specific treatment and may impact the surrounding environment. It is thus of major interest to assess biological and
physical processes that will reduce metal toxicity and mobility with time. Metal speciation is a key parameter
governing these parameters. The purpose of this experiement was to study the speciation of Zn and Cd in sediments
at the early stages of oxidation, and 10 years after deposition, and to compare the influence of the drainage on the
changes in speciation.

Results and the conclusions of the study (main part):

Zn K-edge EXAFS spectra were recorded on three sediment samples from the 10-year field expeirment: without
amendment, with hydroxylapatite (HA) and with Thomas basic slag (TBS) amendment. These spectra were treated
by linear combinaiton fits, and compared to the spectra for the initial sediment (Isaure et al, 2002) and for the
sediment after a 18-month phytostabilizaiton pot experiment (Panfili et al., 2005) (Figure 1, Table 1).

The initial sediment contained 70% ZnS and 30% Zn-sorbed ferrihydrite (Isaure et al., 2001). After 18 month pot
culture with grasses, it contained only 7% ZnS, and 40-50% Zn phosphate, 30-40% Zn-sorbed phyllosilicates and/or
Zn-hydrotalcite, 10-20% Zn-sorbed ferrihydrite (Panfili et al., 2005, Table 1). After 10 years phytostabilization, ZnS
was absent, and the proportion of Zn-sorbed phyllosilicates and/or Zn-hydrotalcite has increased to 40-50%. The
proportion of this later species increases from 41% in the sediment + TBS to 49% in the sediment without
amendment to 56% in the sediment + HA. This evolution corresponds to the increase of the shoulder at 7.5 A-1 (Fig.
1B). surprinsingly, the sediment + HA shows the lowest percentage of Zn phosphate. These results will be compared
to the physico-chemical characteristics of the samples.

Table 1: Percentage of Zn species determined by linear combination fits

Zn Fe phyllosilicates/

ZnS phosphate oxyhydroxydes HTLC sum NSS
Pot experiment, 18 months 7 46 14 33 100 0.0424
Field experiment, 10 years
with hydroxylapatite
amendment 0 26 12 56 94 0.0421
No amendment 0 37 10 49 96 0.0481
with Thomas basic slags
amendment 0 49 7 41 97 0.0564

For cadmium, we have recorded the spectra for the same sediment stored for 3 years in tightly closed plastic bags,
and after 11 years deposit either under hydromorphic conditions (sediment contained in a line or freely drained,
both in humid state and freeze dried. There was no difference between the humid and freeze dried sample, so
spectra were merged to increase the signal/noise ratio. Figure 2 shows the Fourier transformed EXAFS spectra and
an example of shell fitting. Structural parameters are given in Table 2. Cd speciation clearly differ between
hydromorphc and drained conditions, with a complete removal of Cd sulfides in drained conditions avec 12 years




and the persistance of CdS in hydromorphic conditions. No Zn was detected in the sulfide, althoug in the initial
seidment Cd is present in a Zn sulfide. The result obtained for the sediment after 6 years in drained conditions is
surprising, and might suggest the persistence of some Cd-rich sulfides grains, which may be not representative of
the sample.

Table 2: Structural paprameters for Cd in the sediment samples
Sample Atom N R{A) of(A) Rfactor
Initial sediment ] 40 251 00034
In 57 389 00090 0.00240
Cd 23 418 00090

Drained sediment, & years 5 40 251 0.0045
In 1.0 403 00088 000480
Cd 120 412 00088

Sediment, hydromerphic, B years o 06 217 0.0038
5 36 251 00038
n 30 388 0.0090 0.00590
Cd 1.7 416  0.0090

Sediment, hydromorphic, 12 years o 08 222 00036
] 30 251 00036

Cd 26 413 0.0090 0.02800
Drained sediment, 12 years 9] 51 229 00072

A T
Sediment with plants, 6 months o 59 229  0.0090 0.021

C 1.2 3.20  0.0080

Justification and comments about the use of beam time (5 lines max.):

The experiment went smoothly, the local staff were very helpful, we had no problem of hardware or softare during
data acquisition, no beam failure.
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Publication(s):
2 Manuscript in preparation (one on zinc, one on cadmium).




