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Toxic Solvent Found in Curcumin Extract

Rick Liva, ND, RPh

Disclosure: Dr Liva is the director of Quality Control and Quality
Assurance at Vital Nuirients, a company that sells supplements and
is certified by the Natural Products Association for current Good
Manufacturing Practices.

In this article I wish to illustrate 4 major points:

1) the absolute need for clinicians to ascertain that their
supplement manufacturers/suppliers are vigilant in
contamination screening and actually go beyond the US
Food and Drug Administration (FDA) Dietary
Supplement current Good Manufacturing Practices
{cGMPs)—you will see the reason why I say they need to
g0 beyond cGMPs as you read this article;

2) the importance of the concept that “You only find what
you fook (test) for”;

3) that some amount (maybe a large amount) of the world-
wide curcumin (Curcumin longa) extract supply may be
tainted with a Class 1 (the highest level) toxic solvent,
and clinicians—as well as some manufacturers—have
no awareness of this possibility; and

4) the importance of total daily dose and duration of treat-
ment when evaluating patient toxicity load and exposure.

Also in this article, I decided to say as little as possible and
let the information and data I have collected speak for itself.

FDA Requirements for Contamination Testing

FDA Dietary Supplement cGMPs say the following regard-
ing contaminant testing (taken from Section 111.70 of the Final
Rule; author emphasis/bold added)1®77D:

In regard to components, aka raw materials (111.70 [b]):

(2) You [the manufacturer] must establish component
specifications that are necessary to ensure that specifi-
cations for the purity, strength and composition of
dietary supplements manufactured using the compo-
nents are met; and

(3) You [the manufacturer] must establish limits on those
types of contamination that may adulterate or may lead
to adulteration of the finished batch of the dietary supple-
ment to enstre the quality of the dietary supplement.

In regard to in-process production/manufacturing (111.70 [c]):

(2) You [the manufacturer] must provide adequate
docurnentation of your basis for why meeting the in-

process specifications, in combination with meeting
component specifications, will help ensure that the
specifications are met for the identity, purity, strength,
and composition of the dietary supplements and for
limits on those types of contamination that may
adulterate or may lead to adulteration of the finished
batch of the dietary supplerent.

In regard to finished product (111.70 [e]):

For each dietary supplement that you manufacture
you must establish product specifications for the iden-
tity, purity, strength, and composition of the finished
batch of the dietary supplement, and for limits on
those types of contamination that may adulterate, or
that may lead to adulteration of, the finished batch of
the dietary supplement te ensure the quality of the
dietary supplement.

Essentially, what this language says is that a manufacturer
has to set contamination specifications (limits) on those types of
contamination that may adulterate or, may lead to adulteration
for raw materials, in-process materials, and finished products;
and the manufacturer has to provide documentation (test
results, etc) that it met those specifications.

Unfortunately, there are several weaknesses in the FDA rules:

1. To make the point pertinent to this article: If a supplier
sells a manufacturer a raw material such as curcumin
extract and the certificate of analysis (COA) says it was
extracted with acetone, but, in reality, it was extracted
with 1,2-dichloroethane (aka ethylene dichloride
[EDCI), how is the manufacturer supposed to know?
Unless it does independent testing, it doesn’t know, and
then EDC becomes part of the final product sold to
patients. That is to say, in the words of the above ruling,
the manufacturer would not know EDC s a “type of con-
tamination” because it was not listed as one {and prior
to this article, it was not generally known that it has
been used as one).

2. In my experience, I have found that it is common place
for many suppliers to omit solvent residue data-—either
a complete omission or a partial omission (where they
list 1 solvent but not another)}—ftom the COA, as above.
1 know this because I have discovered unlisted contami-
nants during my own testing,

3. T have been told unofficially that the FDA expects manu-
facturers to know what contamination is possible in a
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material and then, in accordance with the quoted rules,
to test for it and establish acceptable limits. If the manu-
facturer doesn't know, however, there is no system of
checks and balances—again, it becomes part of the final
product sold to patients.

4. Nowhere in the FDA ¢GMPs is there a mandate that
manufacturers test for solvent residue—in fact, solvents
are mentioned 5 times in the cGMPs but never once is it
mandated that they be tested as a contaminant.
Fortunately, this oversight is mitigated by US
Pharmacopeia (USP) requirements for solvent residue
testing, but there is a question if FDA enforces this par-
ticular rule since their own provisions are less stringent.
(Tor more information on FDA’s relationship with USP,
please see the sidebar.)

Remember, in medicine and in dietary supplement quality
assurance, you only find what you look (test) for. I found the
information presented in the rest of this article because I believe
that manufactures should test and look comprehensively to
ensure quality. It was test results that led me to search and dig
deeper to uncover what I present here,

Curcumin Contamination

A number of years ago, I discovered what [ c0n51dered to be
a big problem while trying to buy curcumin extract. I brought a
batch from a supplier that imports from India. Routine con-
tamination tests were performed: heavy metals, aflatoxins, her-
bicides and pesticides, and solvent residues, When I was review-
ing the results of these tests, it was the solvent residue data that
caught my eye. I saw something I had never seen before, which
lead me on a bit of a quest. The solvent residue test showed
positive for EDC, with a result of 6 parts per million (ppm}. A
seemingly low level—or so I thought at the time.

I scrutinized the supplier’s COA and, lo and behold, 1,2-
dichloroethane was listed as the extraction solvent at 5 ppm.
Since I'd gotten 6 ppm, I repeated the test—only to get a similar
result. While the solvent residue test was being repeated, I
researched the effects of EDC. I did not like what I found: 1,2-
dichloroethane is a Class 1 solvent, a category that the USP has
labeled as “solvents to be avoided [because they are] known
human carcinogens, strongly suspected human carcinogens,
and/or environmental hazards.”

Hence, although 6 ppm may not sound like a lot, in reality
it is; the USP limit for use in pharmaceuticals and dietary supple-
ments is 5 ppm. (Again, you can see more information about
USP requirements in the sidebar.) This is what the USP says
about Class 1 solvents (emphasis added): “Class 1 residual sol-
vents . .. should not be employed in the manufacture of drug sub-
stances, excipients, and drug products hecause of the unacceptable
toxicities or deleterious environmental effects of these residual sol-
vents. However, if their use to produce a medicinal product is
unavoidable, their levels should be restricted,” and, “When
(lass 1 solvents are used . . . these solvents should be identified
and quantified.™ '

The USP has an official monograph for curcumin, Curcumin
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Capsides and Tablets. In the monograph it says that manufactur-
ers of the raw material and manufacturers of the finished product
must comply with and meet various quality parameters and stan-
dards, including solvent residue limits set by the USP. All of the

tween the USP and the FDA, cont: :

Limits set forth in the USP are legally enforceable by the FDA.

Is the use of 1,2-dichloroethane “unavoidable” in creating
curcumin extract? Hardly. The most commenly used solvents
for extracting curcuminoids from turmeric root are acetone,
ethyl acetate, or ethanol—all Class 3 solvents, ie, much less
toxic. However, after much investigation and sleuthing, Ilearned
that using a toxic chemical such as EDC is more effective and
much cheaper than using these Class 3 solvents. Now we know
the reason many manufacturers choose to use it.

To give the benefit of the doubt, let’s say, to the supplier’s
mind, 1,2-dichloroethane was the only option. Even then,
according to the USP rules cited above, “When Class 1 solvents
are used, these solvents should be identified and quantified.”

Identification and quantification simply has not been my
experience. Except for that first supplier’s COA, which tipped me
off to this, all other curcumin extract COAs stated that acetone
ar some other solvent was used to extract the product. There was
absolutely no mention that 1,2-dichloroethane was used in the
extraction process—despite what is specified by the USP and
despite that it was found in a subsequent analysis.

At best, the suppliers and distributors are either misin-
formed or covering up the truth; at worst, they are covering up a
potential toxic nightmare that clinicians and end users have a
right to know about.

What are the Health Effects of 1,2-Dichloroethane?

Short-term effects: The Department of Health and Human
Services, Public Health Service Agency for Toxic Substances and
Disease Registry, has found the following potential health effects
when people are exposed to this toxin &t levels above the maxi-
mum concentration level for relatively short periods of time:
central nervous system disorders; adverse liver, kidney, and lung
effects; and heart failure 8

Long-term effects: A probable human carcinogen.®

A note on children: According to the US Department of
Health and Human Services,

Because 1,2-dichloroethane has been detected in
human milk, it is possible that young children could
be expased to 1,2-dichloroethane from breast-feeding
mothers who had been exposed to sources of 1,2-di-
chloroethane. . . . One study broadly suggests that
heart problems could occur in the human fetus from
mothers being exposed to 1,2-dichloroethane along
with some other chemicals, but the information is not
reliable enough for us to be sure whether 1,2-dichloro-
ethane is responsible for the defects.?

Getting back to that very first supplier, needless to say, I did
not purchase the curcumin raw material. But I know others have
since this is a popular supplier.

My questions to all clinicians are: Are you prescribing a
curcurnin extract to some of your patients? Does it have this toxic
solvent in it? Would you know? How comfortable can you be
when central nervous system disorders; adverse liver, kidney, and
lung effects; and heart failures are a distinct possibility? What if
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you are unaware of the contamination and you prescribed cur-
curnin to a cancer patient at very high levels—say 8 to 10 g/d or
higher (which as we all know is not uncommon). This would end
up being a fairly high daily toxicload, taxing an already ill patient.
What if you caused that patient harm because the product had
1,2-dichloroethane in it? How would that make you feel?

As background for such questioning: Of your professional
product manufacturers, how many do you know with absolute
certainty test every batch of raw material for a comprehensive
panel of chemical solvents and reject batches of material that
exceed rational or allowable limits? You'll only know if you ask
your suppliers/manufacturers. It's really that simple.

Lab Results for EDC Contamination

As I mentioned, after finding that first incidence of 1,2-di-
chloroethane, I began a search for a curcumin extract that con-
tained 0 ppm or <5 ppm of 1,2-dichloroethane. Listed in Table 1
are results for the solvent residue testing I performed over a
period of years. I tested a variety of suppliers and some of them
1 tested more than once in an attempt to see if various lots con-
tained less or more EDC.

The test method used by the lab that performed the solvent
residue tests on curcumin extract is the USP <467> Residual
Solvents Method. The lab used gas chromatography-mass spec-
trometry. As the name implies, it is actually 2 techniques that are
combined to form a single method of analyzing mixtures of
chemicals. Gas chromatography separates the components of a
mixture, and mass spectroscopy characterizes each of the com-
ponents individually and determines the quantities (concentra-
tions) of each of the components.

The lab T used has done a lot of work on this method to
allow it to detect EDC <2 ppm. This is useful because another lab
may have a detection limit of 2 ppm and, if a curcumin extract
sample really had 1.5 ppm of EDC, the lab would report it as <2
ppm. Hence, there would be no way to know if the 1,2-dichloro-
ethane was truly 0 ppm or some greater number below 2 ppm.
Although both limits are acceptable by USP standards, the least
amount is always the best amount.

For reference, the USP allowable solvent limits are: 1,2-dichlo-
roethane: 5 ppm; acetone: 5000 ppm; ethyl acetate: 5000 ppm.

It is possible to find a supplier that will make curcumin
extract without using EDC, but, in my experience, this is some-
thing that has to be specifically requested and negotiated
because curcumin extract with an EDC amount <5 ppm is not
easily found.

Total Load and Toxic Burden of EDC

A very important piece of this article is realizing that, with
the ppm listed in Table 1, anyone who would take these supple-
ments in a concentrated form over time would ingest a serious
amount of toxic solvent. For example, let’s assume you have a
patient with a need for curcumin extract at 6 g/d. California’s
Proposition 65 limit on 1,2-dichloroethane is 10 #g per day.®

1f we use this as a starting point for an upper limit, let’s calcu-
late the g of EDC that the patient would ingest at various levels of
EDC per dose of curcumin extract. If a particular chosen dose was

L - TablelCurcummExtract 'Solvgl_lt ,Rés;jfi_ue- Test -Ré_sti[_té, s :
Levelsof 1,2-
Dichloroethane, Other
Date ppm; USP accept- | Solvents
Product Tested ablelimit=5ppm | Found, ppm
Curcurnin extract | 8-30-07 ‘ 49.6
80% from various [, o 463 Acetonc 965
suppliers: raw
material 4908 2760.0
41708 83.9 Acetone 1300
4-28-08 6.78 Ethyl Acetaie
2610
5-19-08 180 Ethyl Acetate
3330
5-30-08 185 Acetone 497
72408 3270.0
724-08 324
7-24-08 2760.0
7-24-08 308 Acetone 823
72208 495 Acetone 1020
8-20-09 49.1 Acetone 864
9-24-09 968.0 Ethyl Acetate
1200
2:25-10 301 Ethyl Acetate
170
2-25-10 1330.0#
22510 54.6 Acetone 731
92510 59.6 Acetone 391
2-25-10 2880.0
2-25-10 4.7 Acetone 1050
22510 57.5 Acetone 1010
Curcurnin extract | 724-08 1390.0 Acetone 138
90% from various Toluene 7.42
professional (A USP (Class
brands: finished 2 solvent)
product 72408 472 Acetone 336
72408 380 Acetone 887
7-24-08 296 Acetone 1050
) Toluene 8.34
7-24-08 35.6 Acetone 168
Toluene 2.7
7-24-08 24.2 Acetone 412
Toluene 6.67
Chloroform
2.88 (AUSP
Class 2 sol-
vent)
52209 5.96
I_Key: ppm=parts per millicn; USP=US Pharmacopeia
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C o of Carcumin Extract®
1,2-Dichloroethane
Level in Curcumin Daily ug Per Day
Extract Dose Ingested % >Limit of 10 ug/d
2ppm=  2xg/g  6g 12 pg/d 20% over limit
Sppm= 5ugfy 6y 30 4g/d 200% over limit

W0ppm= 10xg/zs 6g 60ug/d 500% over limit

S0ppm= 30ug/g 6g 300 pg/d 2900% over limit

2880ppm=2880pg/g  6g 17280mg/d 172 800% over limit

* The math is fairly straightforward to determine levels: 1 ppm = 1 mg per 1000 g or 1
#g/g. Thus, 2 ppa = 2 pg/g, Multiply this by 6 g/d and you get 12 ug/d, the first “wg
Per Day Ingested.”

effective at reducing symptoms and you made the determination
to keep the patient on curcumin extract long term, we can only
imagine how the toxic burden of EDC would affect health and well-
being. Some scenarios are illustrated in Table 2.

Conclusion

I'am not saying that any particular curcumin extract mate-
rial or finished product in the marketplace is contaminated with
unacceptable levels of EDC. T have only tested a handful of prod-
uct. I am telling you, the reader, what I have found and the con-
cern that T and all clinicians should have regarding this data.
Where you take it from here is up to you. At the very least, I sug-
gest you consider asking your manufacturer to show you a very
recent gas chromatography-mass spectrometry solvent residue
analysis of their curcumin extract that delineates the level of
EDCin the extract, Tdeally it would be 0 or <2 ppm (at the most,
3 ppmy). The idea is to get the least amount possible—as you can
see by the math.

For more information on the toxicological and public
health implications of EDC, go to the Agency for Toxic Substance
and Disease Registry at http://www.atsdr.cdc.gov/substances/
toxsubstance.asp?toxid=110,

Rick Liva, ND, eh, graduated from Temple University Schocl of Pharmacy in
1975 and the National College of Naturopathic Medicine in 1982. He is the
managing physictan at the Connecticut Center for Health, located in Middletown
and West Haxtford. Dr Liva is a founding member of the American Association
of Naturopathic Physicians and past president of the Connecticut Society of
Naturopathic Physicians. As mentioned in the disclosure, he is also the Director
of Quality Control and Quality Assurance at Vital Nutrients, 2 company certi-
fied by the Natural Products Association for dietary supplement current Good
Manufacturing Practices.
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